The relation of wall construction to moisture accumulation in fill type insulation by Barre, Henry John
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1938
The relation of wall construction to moisture
accumulation in fill type insulation
Henry John Barre
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Bioresource and Agricultural Engineering Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Barre, Henry John, "The relation of wall construction to moisture accumulation in fill type insulation " (1938). Retrospective Theses and
Dissertations. 13547.
https://lib.dr.iastate.edu/rtd/13547
NOTE TO USERS 
This reproduction is the best copy available. 
UMI 

f iE mjmm. ow wm ecMSffPGfioi f  
fo iois«rif mmmm^TtoM m 




A %e«ls S«ftH8ltt®a to th& ©imdmt® fao\alty 
for thm B«gr«« 
soofom or 
M&Jor Si^Jeets 
spiled aa^ Agplealtwal Intiii@8i>lng 
in mh&r§& ®f Ma,|#p *01%. 
»ts^0f Hajor lipartaeiitt
ial dmmn af Smamata 0d>13.«g® 
_ lam-. St#te^ 0oil®g# 
" ^ V .... 19.^ ."---
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP12503 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP12503 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
1  h V n i s  
E)zn^r 
TmM or Go»f©ffs 
Fag® 
I. Mst of fftbi®# s 
II. Ll«t of Flgams @ 
III. Introamotloii . 9 
I f .  n m w l m  o f  M t s i m t U F #  . . . . . . . . . . . . .  1 0  
f. TImi InTesti^tioB 14 
A. An Aaalyilg of Jioomialatlon 
wlthlm Walls ............... 14 
1 .  S o M l t l O t t s  . . . . . . . . . .  1 4  
2. mt&tim . . 1© 
3. Ea^ratelons for flow of fapop ..... ^ 
4. l9l«tioa of Wat@r ?apor P#r»#«Mlity of 
Walls to loiistQp# AootfflMilatiOK . . .. 22 
5. Bsl&tion of ffe®M&l Fi»op#iPtl0fi of W«.ll« 
to *ol«t«r« 4@©mal«tiOB 24 
S. Eiflattoii of lnviroi®«atal SoMltioiis to 
K o l s t a r o  . . . . . . . .  2 5  
?. Qonolusions . 2@ 
1. Water fapop Fsraeablllty K«A»ttr«i«at8 ... g? 
1. M0tlio<S« of Ii««8«i?»ffl»iit« 2S 
a. M#tbo4 A 




c i  . . . . . . . . . . . . .  .  m 
a. Ueth&SL s . . . m 
t. Btimiti. . . 34 
a. Gmparla^n »«t«Plali 38 
fe, Eff»@t of paists .......... 41' 
®. O@ipai»l«oii of »«tli©ts ....... 41 
Q> %gro«0®pt<il%y ........ 42 
1. lietliMs 43 
g. ResMlti 43 
D. ftstg ©a Wall t#©tl©n« ........... 4*? 
1. Ooastaiit Teaferatare-Hoildity lo<» ... 4? 
Z. «©thoa 50 
a. f3rp«i of wall# so 
"b. ' O0ii«tP«0tioa of tmst  walls ..... 53 
W®<i« aolstmr® polat® . 58 
d. feet 0©Bdltiom» 58 
«. f«»t pr9e»a«i^  ........... 80 
3. R®siilt« @S 
ft. feit dteta .............. 62 
Oal©i»l«tlon of vmpQT pr«»smrei 
wlt&ln wall spas® @2 
o. Helatioa of water vapor p««i«At>llit3r 
of w&m aad oolft sides of walls to 
moliture aoemttlation 66 
d. Sslation of watsF -rapor pei^eatelllty 
of walla to fflolatttr® •diatrltoatlon 
ani vmp©r p'TOssm^ g»ai«atg 7t 
e. EelatiQa of tfeawal G0iitootiirltf of 
m&m and mlA fM«« of walls to 
m0l«ti«»e ttoswalatiQa 81 
f. Belattoa of hygroasoplelty of liiaa-
iat ion to  RQlstmrt  a©off i»s i lat lo i i  . . .  8f  
g. 0©apai*l«OB of la«ttlat«€ &n& imlfiatt-
lateA walla ............. 86 
4. :5lf®tt8«lon of lesults of fasts on Wall 
8«etloa# 8i 
fl. ConoliitloM 
fix. @mmmry 9S 
f i l l .  Litarature Clt@A . . . .  9S 
IX. Aoknowlat^anta . 101 
X. fita lot 
. MSf Of fASUIS 
fmie Fag# 
1. . and learnt s Hiet to OMala faisor 
»lff@i»aa@#s foi* F«m®aMllty feit® . . 2B 
2. Smna,!^ ®f ?««aa^llitf ftst ^ta . 5© 
3. IqiiiliferlwB «olstur» ddstantf of Fill Ia»mlat» 
lag lat®rtal« at farloma leiatlT® Iwnldltlss 
at S0% 45 
4. A fabmlfttl©a of l«t«j*lalg aat freataaiits UsaA 
la Cl0a«trtt©%ioa of the f#»t Wall Saotlsns * SS 
®. Taet Sata oa frme Wallg W&®S. la tti® first 
Sf»i*i©8 «#f f®gt« ................ €3 
f«8t Cata oa Ffwe'Waii® Bsaa la ths Saooad 
Strlta @f f8ft« 64 
'•?4 ' f«®t lata ©a'irlok f#a@#r, So^rn'ols fll®, and 
S0a0r®t« L-Sloek fallg ...... . 65 
i. Ob#®rr«€ aal Oal®iilat«d' l^lttara '(Mlaa, aafl 















































































I I  
f-l' ©I • ^ -# 






































































































































E, & m Q 


















































































































































22. f^ MQlstw® Co-nteat,, Relatlv® dnd' 
- fapQP -©miisst® Of fall F-^ . . . 7S 
•23. let«tai*» Goataat, SulittiT® aafi 
Absolttt® Wmp&r Pr&ssmrm QmMmmte-,, mn€ (hMtti&n of 
Irwifi# of <I®M Wmll mf fall F-.16 78 
24. Tefflp#3raittti:*#, loigtmi^ feattat, l#latlv# ««d 
Absolttt# Wmp^T ©f Wall fW17 '.. . . 7t 
25. Oondltl&m of Insia® #f feli Slit of fall® F»S itufi 
f - . i o  . . . . . . . . . . . . . . . . . . . . . . . .  m  
B6.' 'Hat# of Molftmi*® §«la of ilaia.fiilat#4 »m& latnlfttefi 
f«ll«' witfet aiff»r«at Ilnd« ^sf •fill latmlatiaa . '. . S3 
27. CondltlQa of latli# of <J®1A Slfle ©f Walls F-1 «ad 
P-17 84 
28. Condition of I»sld« of Sold Sid® of Wail® F»12 and 
P-11 8§ 
29. Condi tioa oa In«id® of dold 8id« of Wi»ia«al«t«d 
Walls F-6 amd 8-1 ....... . . . 87 
mmommtm 
in tottlltlag wall# thpoagbi Qo»a®a» • 
s&tiem 9S0tiy« la eolt mmtheT mh9n hwiaifioatlaa 
ie pf^vldM wltlilii hmtmA feullSlagft la mm«t fotrm, #ltfetr a.ptt-
flQlmlly or t.lsiPoa#ii noCTial watae. pi^fel«« l» aot bsw sua 
to,® b«#tt mppm'rmat la balldlng# fel^ h«iaitl»« «i:lst, as 
in lAttiitfl#®, liir««to#t aai ®rea«®iiLss. Msmmart 
la r^mnt fmm tk« has mlm oow# to ©nr att®atlaa la 
sott® af omr hm«w, «fp»©l«lly thow wkleh ai^ morm tli^tly 
3oa«traete4 qt la wlileh «rtlfislitl hwlilfleatloa 1« pmotlo®# 
la oi^»p to #tot»la gr»#t#F eoafart. fli« a»e of la®ttl«tloB la 
Willis, -rmfe, aaA attlap has la «®ii.s lattamef tli» 
pi^tel®!! o«rt«la ps^sauitioa# *•!*# aot t»lE®a. fli® 
latloa 0«I3MI*» y»mally «A««R the rmt la tfe« fo-M Qf FP©8T OP oa 
thm la«l€« mrfrnm of tfe» mM. wall Smrlag ©itteadfta p«rlod» of 
c€>ia w««tti©p. Surlaf mmm tli# ff«st will salt aad roa 
iown this lnglfl« of %fm w«ii«, f^snltlag llk«ly la'deesy fmmrAw 
ta€[ oft«a la r«d#@0»tlag ©osts. 
ft^ pm^QB9 of tlila iaT@«tlpiti0a wms to'd<tt»wla« the 
ralatloa df thm tfejtraAl aafl watsp wmpmr pemsablllty pr^tp^r-
tl»® of iratlls to ffl-olstmrn m.mmmlmMon wltlila imlasalat#^ a» 
well a# la«al®t@^ walls, partleiilarly ttios# wliloli lead tliwa* 
«®lv«s to tt«« of fill typ# la«al«tloa. 
•IIVIW. Of LifiMfiiiS 
todlng o©a&ote€ om. the sond^issatioa of 
»oletii3?« la wall# %• thm 0. S. fomet Prnduot® laboimtoiT »t 
»adi»oa» Wliooatla, «uEia %k« lnglii««i*lag l3rpspiffl©at' Statloa at 
t!i® telvtrsity of Minnesota. ATf nad ps^gp»#e reports 
0f tli©»a studi## iiitT® b@#a pMfelifli@d, 0tli»r la-rtstigfttloas 
relating to thi« smtejeet ftppXy to iatmlatioa for rsfrlgemtsra 
iiaa refrigerated roon# whar# tlie moistur® problem has fee»a 
toown for «oa« ti«®. 
Eo*lty mad ©th^rs ClS) at tfe@ Miraaegotm iagiateriag Sx-
P«rift#at Statioa HA.V« r®«©atlf .REP0RT#d BOB® ©f tfetir fiadiaga-
oa «fflall t@#t ko«8«« r»pr®«©atiag mriotts tfp«« of friw® wall 
eoastrttotioa. Th®ir results nhm th&t frost aoQwtflatsd oa 
th» la«ld« furfaee of the sfe^atliiag fron fiv® to six tiaes »s 
mpi^f S-n 8tt ia0id.«t®t wall as ia a w»li witfeomt fill iasa-
latioa ©f th© 8^® ©oastrtt©tlQft. lE>#eirer,^ tb« rmt® of . 
»i»latioa of aoiatar® la th» lafmlated iwll mmf be refdmsed 
©oa«ider«bly by plaoiag a molstttr« b^rrisr, sitlier la tlie' .for® 
of ft hi^ly ir«poi» r««i8t&at pap«r betw^ea the plaster *ad th# 
iasid® tmm of th# etiids or by the ftfipliomtioa of oa® or mors 
ooate of vapor 're-tittaat paiat oa the iaside emrfftee of'the plas­
ter., The -afphalt l»|>r»®aated itad metal foiled papers, luad th® 
-11. 
aspiialt th« alipiioiHi paints w«f« fQ^tafi to fee Mgbly »8-
»l#t«.at to th# traa«f#r of ir«t«f mn- i«tf»la®t "by thtli* 
#ff»otlT«a#«« ia f^ittetioa ot ..the- rat®, ©f aolet^f# aaeaii.*ilfttloa. 
f««ts oa ©ther wull 8e©tl0a« *ltlioat v&p®!* i®«.ls gfeowad 
amowRt& ot @oaft«n««tloR. to tot ia€»p»at8»t of th» .typ« @f 
fill ia««lati@a »§»€. 
f#»»amlii Cl§5 Aa€ Wmlmp <4) of tli® 1. f. Worwnt Frodmet® 
hAtiomtoff toftv# ¥§«a ©oadtietlag mttor ®itt«a8iir® stmdlss #a 
eoadeasatioa of »Qi«ta» wlthla walls, fhm latter is ©bsdnr-
lag »ot #sly the aa«mt of »oi«t«r» r®tala«d ia tfe« wmll« 
ittbjeoted to «&r®f»lly S0atr©ll«d Gomdltl©a«, bat also tfewi 
mm'mt p«s«lag throng^. Ia addltl©a, abBerratloaa ars feslag 
made oa ^saget la th« rsit® of heat treasfsr throagh thm wall 
as coadaa^tloa ptr^grasgat, fh® p®«alt» h«T« aot as y«t te®«a 
reported. 
f®®«tale (1S> hBLS to«#a aaklag t«gts oa th® vapor f^slst-
aaoe of varlom® Material# a«®€ la wall ooastraotloa aad alao 
oa thos® «at«rlal« wliloh might m««d for »ol®tar® harrier®. 
S® states that »ol«tar« aoowaiatloa It lafliwaead toy th® 
fiLlowiag faetoraj (a) omtsld® t»wp«ratare aad hwiidl^, <to) 
effloleaoy of ia«alatl®a, lo5 latld® teap«ratar« aad hiMidity, 
(d) reelstaaoe of oat®r irall to vapor «ov®ffl«at, (e) reslst-
aas®' of iasld® wall to vapor «ov®a®nt, 
• / la hi® r@port h® »®t® forth g@asral reooaBaadatloaa to 
l®»»8a th® ehaa@®« of aolstar® aooafflalatloa. Th®#® iaolad® 
-If-
the upplieatlsa mt a -rapor hmfrlBr oa ©r in the wmrm sid® of 
the -wall »M tfe® wattla-tlon^ of 'th® Kttl© »ad tb« 
i^dm©tion of fewttldltiet. la .eidiitlntg homses aMi?liig.'0oia wftatber. 
Mga-r Ci) imm oto#«yv»a,' tMt -fill inmuliittm pla®®d toetw«en 
two .lay®!*# of rvlaf^pegfl wmterpmof pap»p ia «r»ll» ®f potato 
stomg® had ao<5iwiaa«%ed eensltemtelle ffiolst^p® drnflag 
the ®%orait s«««©ii, fh» Miomt of aeo'MWlatlQB *«i 1«8«, hcwf-
0¥er, wb&ii the wall was T«iitet at tti® plat® to the ooia iM#. 
In aonaaetloa with «d»« iavtstlpttlon® oa lasmlatlQiJ ia 
rsfrlg®mtor walle, lloFh®i*»oii (95 (10) i?tT®al# th« f®ll©wliig 
tignlfl-eant fastsi im) loletur© a@o»iiiAtl0a in. loots fill 
th.erm.1 lii«^antf la walls of f«frlgar»t©p« will ©©©mr If the 
te«p#i*atMP® 0f th« iatias swtt&m ©f th# Intsrior walls is: at-
or te#l0w tht d@w point, the »at«i*lals ar« dehydpfttad, 
aad th« wftli« ti^tly #««l#dj Ih) if th«f» is an apppaelabl® 
imflltr'atloa of alp thremi^- the ©ataid# walla, moletmr® aoem-
Rulatiott inil 0ontlii«« iad«f laitaly ®v»a aftti* tl»-' iasulation 
aad wall baeaoa w«t. if-, howa'rer, th® tanperatmB®'is abova 
th«-.i«w point, thare is a loi# of aPlgture. 
Ia 1932 Beraataaff Cl) hag polatad out that aethod® ©f 
fflolsture proof lag Fafrigamtioa iastfiatlaa riioald tea iairastl-
gated to properly eafagasrd ft@ain«t »oi«ti«r© aoemul&tloa 
thrm^ laflltmtloa of watar Tapor. 
Bees (lg)^ha8 «®pha*lsad tha priaelple of providing frea 
vaatilatlon betwaaa tha iasulatloa and tha cold air, ia tha 
-13-
*180 ®f fill InswlatiQa ia •i*©fplg@r®t«4 mmn, 
A of' thm li-t#ratup« womli; mppmr to Ittstify thi© 
following 0oa©ltt#loa®i 
1. A faiita®®jatal priaeipl# ta pr«T®iitiRg a®e®imlatioa of 
TOi«tap« 1»-to pl«es'-tk« ®oi«tttpe'bapplep ©a ©p im th« wmvm 
Sid# of tfe« waill pathap than th® sold mM% it is so often 
Plft0@dl. ' 
2. f®ntil»tioii ©f the Qoit wall to th« oold side either 
hf mmll ©pteaiag® ©p by ventiiig the tpac® fopoad by keeping 
the insttlfttion fP0« ©ontitstliig the sold wall offers tarn# posei-
billties in ppefsnting ©©ndnngatioa. 
3. In addition t© th® «nvlPoni»«iital s^nditioas tQ'whish 
th® wall 1« »«b|eeted,, th® thftmal and wat»p rapQP pemeability 
ppopepti^is of the wnw SBd ©old sid#g ©f th@ wall imd th® 
insulation ape faotors #il®h d#t9«ln« th» p»t« of BoietMP® 
acoianulatlon. 
4. Ineiilated wallg ©ay aotnaulmte aoistiiPs «op« rapidly 
than uninsulated walls, 
5. The w&tm of oondensation within as la«ulat«d wall is 
independent of the kind of fill insulatl®i mied. 
-14* 
fis .icw 
flis tt«ay wai oonfls®# to « mmlAmTrnti^n. of wiln»ia.atsa 
«n« lns.«l.«t#t wall# with «p«olal rafsreno# to fill typ« insa-
Itttioa. loth aspafiaeatal ana aiialytloal aathods w«f» ©sployet 
to acao«pll«h the followlmg objaetlvstj la) to dete»ia# 1^« 
relatloa of th# th®Toal and watar vapO'F peweabilitj i>i*opertl®i 
of wallg to roolstmrt aecaaalatioia, and (b) to dettwlaa th» 
perffieaMlity of wall aatSFials to water vapor. 
to Awlygls of l0i«t«i^ Ikoowmyilatloii wlthiii Walli 
Th® piH»bl®ffl of ffioiatar# aoowialatioii withla wall# 1« oa® 
in whioh th® traasf#r or flow of wattr vapor thiHsmgh »®aiiiBs 
i« iavolv#a. Bwlldimg «at«riale aaM for wall construetioa 
@5tolteit widely varying properties ia their rsfistaae® to the 
flow of water vapor. An iaproptr «#l®otloii aad ooabinatioii 
of th©«e ffietsrl&ls in wall ©oastrmotioa froo th® standpoiat 
of vapor trauafer m4«r oartain tawpsratur# and vapor preasxira 
dlfferaaoeg aay r«8Wlt in «oi«tmra aoo'wmlatioa. 
An. a^lytis oaa p»ipfeape "btat aad# toy a««i»lBg .a rath«r 
- • t 
typleal eoiiditioii of t»mp#r«tttrft.t aad httmiditi®.® to whioh a 
'15-
wall mm.f hm la fig. 1 shows & ooa-
T«mtioiiAl fimm® wall with fill ia«ta®ti0is to a temper-
tttr® of ant r©l«tiv« teiaidity of 40 ptr ©«at on tli« waim 
@i€e anS »ad 10§ per seat relatlf# &*atidity on tfe® ©0lfi tide. 
A ©©asid«rati0a ©f IfeltQa** Law of Fitrtial ?r0«-»mr»« itiows that 
tit# partial pr«s«ara ©f th# water vapor ia lii#er oa tli« wam 
side than m th« ©old »ldt, aapiitMaa of theaa preaaarat 
«ay be detarainad sonvaniantly fr^ the aaisoapaaying ohart 
<fig. 2) pr«f«r«d froa f«bli«h@d tablaa of aatamtad vapor praa-
fwre© of watar and ia® C8)(llK oarves at varioma degreaa 
of saturation ar# alto thoim, leferring to th® ^art the 
partial vapor ^raafiuras oa th® mmwrn and sold sidaa of tha wall 
art ,172 and .018 Iba./in.®, r»®pe®tively. Hanea, tha wall ia 
subjected to a vapor pratsmra tiffaranoa of .l§4 Iba./ia.^ ©r 
over 20 Iba./ft.^ with tha total praaaura on both aides of tha 
wall roffiaining tha 8S»a. 
If the wall is pawiaabla, watar vapor will flow to the 
ri^t by virtma of tha diffaraaoa in vapor pi^saura on th® 
two sides of the wall. ®ti8 flow t^aa plaoa by diffusion avan 
in still air. IBiut, it is not naoassai^ that tha other gaaaa 
of the sir flow with the vapor in order for ita tranafar to 
tafea plaoa, fha vapor p?«sewe gradient aoroee the wall will 
dapamd on tha relative mpor rasistanoa or tha pamaability 
of aaoh of th® ©oaponant parts of tha wall. 
'fwQ oasas of flow of water vapor throu^ the will will • 
ng. 1. A Croas SeetioB of a.Viill Skoif&l|e 
AssuBWd in an Axalfltim of miBtvtf AwmMMLmn 
-ft 






Fig. 2. Yapor Pressure-Temperature Rel-'"'tioiis 
for W?ter(20 to 90®P) and Imi-ZO to SE®7). 
b« dls0M«s®fi, 0«fi« 1 wltli m aecaialatloii of »ot®tar» 
in tih# aat Sas® 2 wltfe moistttn a@offlswlatiiig la the wall, 
ttte and mpoi» oa both sidei of ths wall 
&r® til® eaa® in mmh c««®. fh« gaa» is tru© for th# tei^amtiir® 
gradient wfeiolit fc^s toe®a o&lomlAt#® frm Smowa ths-CTial coadme- -
tivity 3at&.. fh« tuo o&s©» €4ff©r only la th® ^latiT® reaist-
aaee whleh th§ WAM aiS# of th® wall offer# to th® flow of 
wftt«r vapor •. 
la 1 th« r@8i«tftiie« li oontldsred to to® higlj, a ooa-
aitioa whioh m&j fee ijrodiiaM tof plaolug, for ^xaapls, A 
r®l®tlv#ly iffip«fffl#aM# nmhrmmB oa the garfao# of th# waT® 
Bl&e of th® wall, fhe tTOp ia Tapor pT®s9Um is then larg® 
aerose th« mrm «id© of th« wall a® ahown by th» broken 11H« 
in fig. 1, and th# pre tsars® thromghoat th« r#»alniaer of th® 
wall are low, nefer rsashinf eatttratioa pressttr# or the daw 
poiat,' Ihe d«gr»« to whleh th«y approaoh 'isatmratiOB 1B iati-. 
oatad by the ©orrespoadin^ ralatiw horaifilty graatiaat, aay 
point of whioh oan reaaily b« dsteralnad fro® the ©hart ia 
fig. E, whea the ©orragpoading Tapor prsssar© aad tamperatttra 
ar# taowa. 
Ia Oaaa t with a lower r#8istaa0« to tha flow of vapor 
aoroaa the mm® part of tha wall, .th® drop la presamr® will 
aot- ba ae gr«at aad tha vapor flowa aerosa tha iasttlatioa 
wader'hi^ar pregaares thaa ia Sasa 1, »o that aataratloa 
p-r®a»ar«» aay «ora raadlly lia- raaehad aa iadioatai by tha 
©ors^iponding p'Mlumt. With the m.mvme&. 
r&pov prmmm*® gmdient, the sat^ttrntloa ppe««are (dew pcjlat) Is 
reached at 53®F to the rtfht of whlah the pressttree are ale® 
thQse of satttrati©a ehowii by the ©mr^ed p©rtS.©a of -i^e vapor 
preseare gradient. J^ever^ obierfatieai iadlsate that water 
vapor does a©t ooadease wlthia the fill latalatioa bat ie fomd 
at the bouadary of the laetHatioa aM the oold aide of the w&ll. 
Such obsenratioas womld appear to ghow tluit the aetiial vapor 
presetire gradleat l» below that litaleated la the lllmetratloa. 
fhie dlesmesioa aeed aot sonoem Iteelf aeoeeearlly with 
the probable :p»adleat bat rather with the vapor pregeares at 
the bofflidariee of t,fc» - iasalatiom, whioh are aeeded for ea^^ree-
iioa® for ,the flow of water vapor thro.a#i the wall. 
Hotatiea 
1, weight of water vapor tmnOTitted per wiit wall area, 
per aait of tiae 
wel.gbt of ffloietare retaiaed ia wall per aait area 
per iMit of ti*e 
vapor preaeare ©a waro side of wall 
vi^or betweea war» side of wall aad fill 
inswlatloa 
vapor preesmfe betweea fill laealatioa aad ©old wall 
•F^, vapor pi^eeare ©a ©old side of wall 
1^, wattr tmp0T of th« 9mm side 
©f wall, thm fill insulatioa aad ©olA side of wall, 
reipeotively. 
Water vapor pe»eatolllty i# the ©©aetaat ©f propo-rtioa-
ality relAtiag the rate of water vapor tra»«alttea to the vapor 
preesare Aifferenoe. It variee with tiffereat aaterials, amd 
i« the iuBQaat of water vapor trmnwlttet per laiit area per 
wait of tiwe per mit of vapor preside tiffereaoe. It« 
reeiprocal eipreesei the registanoe to ths flow of vapor «a4 
is frequently referred to «« "vapor reaistanoe.* 
In Cage 1 the eyatoole &m iiapriaea; ia Sase g they have 
heea pri«et only where their valme® differ frm thogtia Q&m 
1. 
SsemsaaaE llSE SLss ^ jmsi., 
Aseuffling that the wei#tt of water vapor trma«itted it 
proportional to tht vapor preeeare aifferenoe C 2), mfler all 
oomaition# itaAer ooneltermtioa, the rate at whioh the water 
vapor flowe thron#; the wall in 0a«e 1 ©an he ea^resset a« 
follows: 
or 
* • - Pfe) • %C.Pi,. - , 
m m - ft), where <a> 
MXl ©f tfei® TKpor whleh flow# kMtm th® *ftll flow# ©at aM 
©«0li part @f til# wall pm^mm a ii^ la mpm* pm»mTQ pm» 
portloMil t« Itg vap©^ wtlstaa##. Ag ii@t®a '«b@ir«, aoa@ of th« 
rea©fe tatmimtl.Qa at msy poiat in tl^ *all, Aae lapgaly 
t© th.% fast thmt thm f»8l«taii®« ©a tli« mmvm aid# of tlia wall is 
hi#i,pi^#m©iii^' 'a larg® Amp ia a©i»©s« tite warn 
site ©f tlia wall. 
If ia Saaa witk le«e irapsir f^iittaaea ©a tli# warn sift#, 
m &@@tiatflatl#n fsF tlia »i»«Bt it a««wi«A# tfaa follow-
iag aagsi^stioa aiailar to tli# oa® afeova woald iiolS, 
M* . I4t% • Pil - K^Cfi • F|) « l^lP* -
&T • WhBT9 'tb) • 
': 1 .. a, .1 ^ 1 4. .1 
. .% Se 
fewavsr, tha aasdJiiai wW-oh oaa axiat at tha 
bomaiaxT l»-tw««a tha iatalatioa ai»a ool# wall i« the 
»ftta3M!iti@a pi^asinHi iatai^laafi fey tto.a tai^aratara at 'tiHlt 
poiat. the Ti^or flowriBg throi^ tli« ©old si#a of tha 
wall it 
, 
aat ^a woaat of iiioi»tai?» aasii^ialatiswi la ttia wall l»^5 ia 
gi-raa toy tlia a^ratiaioa, 
!• « Co) 
It glioaia iNi ao.ta€ tto»t ia tli® aj^yaasioa 
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for til® mwitttm «fe«a a# aoiirtar® assatmi&tloja o®mm 
witkta til® wall, il^ « 0, m& r| • S®ttl.ag equatlda i0 
to i®ro mwiA tolTlag for tlie ratio of tbe p#w®«bill^ of 
thm ooia sM« of ths wall to th^t of tfe# mm sit®. 
Stnoe the per«$»bHity of fill lasiiliitios % 1® large m& th« 
parroeablliti®# of th® warn aM oolt sit®® of th® wall® ar® 
relatlTftly «all, th® last ttui JEg/% »ay la® B»gl®®t®a ana ttm 
, preatmn; Pll appi^aohes Pg. , fh® mtlo th«a .beo-ew®® 
wiiloh show® tl»t th® rati® of th® f®r«®ahllltl»i of th» war® 
and oolA #ia®t of the wall are iawrsely pi^portloaal to the 
ratio of mfor pr»s#mi^« aoi^s® th® r»8p®etlve wall®. 
®i» ratio »tt«t 13® hl|^ to pr»v®iit aeoMfflialatloR ®ve» at 
erdliiai^ oomtltloa®. For eammpl®, for th® wall aad ooadltloB® 
glv»a la fig. 1, th© ratio 1® 11.8. With r«latlve humiaiti®® 
of ^ mA ^ per eent ou th® wars elfi® of th® wall tM ratio® 
would be IS and 2§ r®»p«0tiv®ly. 
When the p®Mi®ahility of th© eold aid® of Ife® wall 1® 
high, the ratio aay he ®M«ller hy the a»omt 
An inspeotlon of aiimtlom (d) show® alio ^at wt»n 
BOlstmr® 1« aeemttlatlng th® rate of aoomulatlon Inorea®®® 
with an inorease la perasahlllty of the wmrm side of the 
- PJt . I, 
-24. 
wall and deer&fttes with imrmsB in peimeabilitj of the 
o©ld eld# of th® wall. 
The lo'oatlon of an iaperaa-abl®, ffl^mtorane qt "molftui*® 
teaw*i®i»« to^ present aoo'iaaulatioa of nol stare in th« wall shouia 
hflf to the l«ft of th» tefflperatur# in th« wall ^ioh is Jutt^atooT# 
th@ dew point of the air on the warm ®ia» of tha wall. If it 
w#re loofited to th# rig^t of the dew- point taaipemtytr®, an moou-
mulation fil.^t t»%9 pla©«, depending on th« p«raieahllity of th« 
harrier; in 'faot, th« oold sid# of th#? wall eonetltut«« a 
moisture hmrrier'whtn its p«m#aMllty is lets than that of th® 
insulation,, for sxtren® eonftitiona the Carrier thould to© • 
placed on th© surfaoe of ths vrana sld« of the wall. • 
a^asiaa'jai $tea§l, M ssm.. M 
It was pointsd out ahovt that th® smrfaoa , temperatutre • of 
tha warn sid« of a ooisture harrier if an iaportant factor in 
detewining whether moietmre aoomulation is possihl®. In 
ordinal^ wall® the gurtTaoa t«p«ratur9 of tht insida of th® 
0old fild# of the wall «hould b® oonsiderad, sinoe this sid® 
oonatitutas a moiatur® ibarriar as pointed out abova. 
fh® t#»p®r&tur0 %Q at this point it esiprsssed by th® 
following equation, whioh pan rsadily b® derived from heat 
flow sqtmtions through the wall, 
and mm. thm ©a th# war® aad. ©oXA' sldsi, 
, mi»a W and tlg^ax^ tlie thewal trau^lttara©®# of 
th®' whele w&ll and the sold sid® of tfee wall, reipsstlfsiy. 
®xpi*e».sioii »h0W8 that th® t«op@mtttir« lasreaseg 
•with 0 and d®©reas®g with Wq. It itoow® mlm that *011# t@aipe-r-.' 
atmim- • t« ®UQh l0w«i? la an, i8««l«t«d wall, th«a la «m aaia-
minted mil. fttFther, to lE@»a«® th« t®*p®mtiii*® hy adding 
iniulatioii to th« cssld side of the wall it not ntaFly «« 
effeetiT® in aa iiifitlst®d wall ag is the sa«« in «a anioaalatad 
wall. 
%|®.t;i,qft ®»iriFQ:Mi®atal aonditiotts ^  
Th# t«ip®CT6it«r®® and vapor pr«sfiiir8® oa tooth sid®® of th® 
wail ar© prifflai^ faotor® in aeswimlatioa of aoittmi^ ia th® 
wall, la order for softdaasation to tiAe plae® iR the wall, th® 
aondition# amst h® smsh t^t t»»p«ratar®« withia th® wall mre 
below th# d«* poiat of th® air ©a th® wars eid® of th® wall. 
glttatioa (d) ahowf that th© rat® of aoiatiir® ao0t3®alatioa 
ioo'r®®®®® with th® mpor pr»«s»r8 fg oa th® war® sid® of th® 
wall ••aad d®®r®ag«s with t^ preasiir® on the oold aid® of 
th® wall. 4i already pointtd oat afeov®'^^ th® t^p®mtare t^^ 
detemlaes the prsssar® .P^. H«BO®, th® mt® of aoetmulation 
ltt0:re«f®g with a de®.r®a#@ ia t«ip«mtmre on th® iasid®' of th® 
sold aid® of th® wall. 
1. fs©f®r» wliieii liiflm«ii@e tli® ©©afl^gatioii of ffioi8t«i»e 
in wall# mmt 
m. TmmQT^tximn aad vapor ©i?«ssmr® dlffwraaeeg oa 
. Iiatfci «M«« 0f tfe# wall 
la. tfttar vftpor p«flB»alillity of tli# war® aM #oM 
aides 0f t^ wall 
@,. fhermml proptrtleg @f the wall 
t, "Ss® ii»0e8®Ary ©©ailtlon for ooiiae»satloii &f acilstmr® 
t© tifli® pla©9 witfela » wall «iifeje©t«t to a t«»p«fmtar® aiffer-
®ii©» 1® that tfeo t«»p#ratar» at »oa# point in th« wall «m«t b« 
bslow thm dew pisiiit of the air on tli© mwn aide of tfe® wall. 
3. fto# rat® sf fte0ii»ttlatlo» of ttolatstre in a wall la-
^ereasta with'th® p«f«taMlltf ©f tli® wawi alie of tli#, wall asi 
d®#r©a#ti with that of th® oolfi fid® ©f tti® wall. 
4, i^or aoeoimlatloii, th« ptmeaMlity of th® ooia 
aid® of th® wall jii»«t h9 «aay tl«r#g that of the war® gid®. Thm 
ratio €«p@a€8 oa th® t«»p9ratar® mat vapor preagar® aiffersno®® 
to whioh th® wall i® «ii&4»stet, 
i. A vapor harrier m««d to pr®v®at ©oiiaea,«atioii ia a 
wall, ffhoald h® looat®a oa ttot warn aii® of th# t®»p»ratttr© ia 
th® wall whioh i« at th® 4®w poiat of th® air oa th® wam aid® 
of th® wall, for #3ttraa« ooaditioa® it shoald he plaooi on th« 
eiirfao® of th® wa» «!««• of th# wall. 
•6. Ife# thmrmml propeFti#® of tia® wall itffeot the rat# of 
acoumulatioii of »ol stare %m so fmr m th« tmper&tmm m th# 
Inside of tijs oolfi slAa of th© wall la Iflflmta®®^. 
. Wat#r fipor ltaittr«a@at® 
A mmbsr of a«tbo€i liafe ii««# W fiiffereat lavettl-
gatorg (2) la a#t#^laiag th« p®r®®a1&lllty of mofe amterlalt 
as paint fllffi«, irrappiag aatf paotaglnt »at«ri«ls. Althotti^ 
the gam® or alallar aathod® ©oald be mg»a for aaasmrlng th® 
ptrmaablllty of *all aatarials, ao r#«^t8 have be®a ijmbllshad. 
Rowsver, th@ For®gt Pmamets Laboratory CIS) i»ve b««a ooaSmot-
lag rathir axttftiiva taati oa a large nw^er of biiildlag 
»at0rlal« for wall ©oaatrmotloa. 
Sia varloms aatlwits anployaa aaft th# factors laflmaaolog 
water vapor peymaablllty aaagartaaatt of aaterlal® other thaa 
tho«s for built lags havt baaa r«vl«w»t by fcraoa (2) of th© 
latloaal Biii^aK of StaataMi* lklthoB#i th# t««t ooatltloae, 
j 
proo®t»r«» mat ualts of pe*B@ablllty mset vary wltaiy, th® 
mathots of tetamlalaf th® watar mpor psraaablllty a^ 
relatlvaly ft*. 
Fro» a -mrim of aathoia of «@a«»r#«#at m other roatarlals 
It womli appaar that' i^lativ® hwltlty at th# faoes of tha 
ipaolitaa Is a prlaelpal faotoT' to b® oon«lt®r©t la tttamla-' 
lag ttee watar vapor paiwaablllty of bttlltlag aaterlal®. I» 
-28« 
gensral, for eoaaitiaiis i»«lstlw hiailAitf do«® not ©xoesd 
?5 ptp 0@ftt, til® aaount of wat-er vapor tmngmltttfl Tf-rl0« dlrtstly 
with th© vapor p'recsur# Alfferene®.' Ahorm ?5 per ©snt tim am-oimt 
tm.nef9TmS.' per mlt vapor pr»gtar# aiffa-rssn®#' Is Renter. 
Several astliois'weirs uaed la asking p«r»0aMllty m#ftsmre-. 
fflants, la'oraBi»--<«) to obtain dstaralnfttlont on m wli# variety 
of aatcrlal®, (to) to ohsek permsatoillty oe®8ar®a«ntg by aiff#r» 
«nt iBstfeods, and'iol to Ksilt# B«ftsitrtm»nts tmder oondltlons wMofe 
B-pp-mrnQh thorn wb«n pl«c«a In m' wall, fh® B'^th.ods are 
lasntiflea.by the l»tt©rs A to B, Inolmeiv®, and eash will bo 
i,«s.erlb®4 b®low» fh9 r#«gent« and t«ffl|>er#.tur®s us©d to obtain 
various- vapor f>r«ee»ire diffarsnoee In eaoh of th« methods are 
given In tabl« 1. 
In thli aathod th« ip#0la«n# were sealed onto 
thft top« of til® slmllow'tr«ys or pmns made of light shest aietal 
or h«avf tin of the shape and «ls» shown In fig. 5... fhm pans 
w«r» partly filled throy^h the mpp^r tubing with a oonoantratsd 
eolutlon of llaOl giving m relatlv# httiidlty of ?S per 0«nt "undsr 
th« • sptelmtn. After th« tubes ws-r# s#al«d with wax, th@ pan# 
were plseed in the oonstant tefflp-erAtwrs-hualdlty room In irtiioh a 
teupsratiira and ralatlve hwidlty war® salntainad at 7i®F and 
50 per cant, rstpaotlvaly. A vapor prasaiira differenoe of 
.107 lbs./in,^ wag provldad in thia «ann@r aoroa® th» faseg of 
falal® 1, • f«ap®ratmres aat Eeageats to Ototaia Tapor 
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Fig. 3. Pans Ua®d IB Methods A and B for Water Vapor 
Permeability Measurements (Photo shows pans 
with and without speolmem). 
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the gp#0'ia«a. fh« aaoiiat of mp<3r tma^lred souM b# deter-
ffllnira w»i^iiig Qf ths pun with Its •ooatente at intervAls 
©f &rsrj d&f ©I* two. 
f0 lasttre aiAlmt «dg« l0Amg<s &M to redmo® «<lg« ©ffecti 
t© m thlsk and thla mm st*l®a la the t»yi 
in different m&nmre. In &mm ©f th# latter, th« speoifflens wer® 
pl«e«d in & li^t ttstal fraii® of tin 'Cfif. 3), the insid® dimsn-
jiioas of whieh wmm 10 imhss »qmm. fhey w@m «@ml®d in th® 
frao# toy filling th# ehannel of th# frama with aelted wax con-
gi«ting of «qmml part# of b@9»wax and ro'gin. ©lis aotild readily 
be »®eo»f!pli«hed with the us® of an ef» dropp®r. fhi« ga¥« & 
good 9dge mml and la addition peraitted a rathsr definite • 
srea to be «3!|jos#d. 
Speoiaaa# ovbt l/4-in©h thiok wwm first s-ealed at all four 
edges with w&x. Wood filler® #©ak®d in ®slt#d wax wer© th«n 
fuaed to ®s0h of th® fomr «d^i of the sp®ol««n. 
mmnmr of ««aling th« thlsfc and thin 8p«oim«ns to the 
pan wm th® s«»© for bo^th and w«« aoooapliehsd by placing thsa 
in pans and siaply dipping ©ash of the tmf *e »dg©« in aeltad 
wajc, lRii« gave an «iEQ«ll@nt edg® sml. 
Method ®h.i« Method 1« the sftii® us A axeapt that 
water was used for the reagent, flie water supplied a relative 
hmldlty of 100 per eent on the «nder tide of the epeoiiBen, 
giving a vapor presaiire' differenee of .215 lbs./in.^ ae«>»8 the 
gpeoimen when placed In the rooe with oonditiong at ?5®f' and. 
-3g-
^ pmr e«at rslatlv® hwiSlty. This aethed was wsed to ooapar# 
th@ p#p®®aMlSty of gp#0la«n« mdttr M^ep vapor pres8«r« dlf-
fereooafi ani relatlvs btiBltit4««. 
• Msthod fills ««tliod *!ilo3l pi^-rlde# vapor pretsnttr© dlf-
ferenoes tferoagli tiff®r@aoes la t®aper«tttr«s ©an «8»4 to 
measure tlx# p®iipi@atollity of fc««vy speotoeos wMoh oansot rsmdlly 
be determlasd with the above aethod# to«©att8® of th® diffleulty 
of ra®a««rliig «e&ll ohaag#® in wei^t with smh larg® waists. 
fli0 ap®0la®ii8 mve sealtd In plaoe mmoh in th® mmft ffiariaer ae la 
th« atoov® method#, lb® ©old murt&m maiatalned at a t®apemt«r© 
of the alxtmr® of lo® aad wat«r of 3g®f provided a vapor pr«s-
O 
fiur® of .00© lbs./la. , glvlag a dlff®r«ao« of pr©«sar« of 
.126 lbs./la. aorof® tb® Bp«ol«ea. fh« aaoaat of water vapor 
paysieatlag wa« ooadsascd oa tfete ooli sarfae® aad oolltoted la 
^0 QO. bea^feert w||l®fe w®r« w@l|^ed at lat®rvals of a day or two. 
fb® eoaatraotioa of t&» apparatus aad th® Biaaaar la ifelob it 
w® piaoed ©v®r tb® ©oil® 1® abowa la fig. 4. 9y plaolag it 
ov«r tb® ©ooliag ©oil® tb@ apparatm® eoald b# ©psrated witb tb® 
a«® of »a®b 1«8® 1©®. 
Matbod tbl« ffi®thod 1® vsry tlallar to tb® previou® 
oa® ®jt©0pt that tb® bi^idlty or vapor pr»si«r® abov® tb® 
«pe®i»®a aay b® altered sad «ad® lad«pead«Bt of tb® room by 
plaolag a r®ag«nt la tb® tvaporatlag paa iasid® of tb® iavarted 
©oataia®r ®®aled ovar tb® speolasa. la it tb® fiaard rlag 
priaeipl® 1« ®iiploy«d aad it ®aftbl®® oa® to ©be€^ tb® leomt 
Thick. Specimens 
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Fig. 4. Apparatus Used in Method C for Ifeter 
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VEiariCAL SECTION 
fa- 5. Appairatiis Used la Method D for I'^ter 
Vapor P©rai©atoillty Measuremests. 
HIGH PERMEA5ILITY LOW PEBMEABILITY 
A,\r Spe«ds Over- Specimens 





fig. 6. Aeoiimulated /anounta of v-ater Tapor Transmitted by Method A 
through Speoimsns of Low and High Permeability. 
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DAVS 
Tig. 7. A©ouimlat©a Amomnts of Water Yapor Trans­
mitted thro^li Specimens Method C. 
«sa-
womli absorb, « oertala saioimt of aoigtmre fead to be oondtnaed 
first btfo-re flow would tmk& plaoe. 
%« ©ff#@t of tli« rat® of air moremmt as det«wilii»d by m 
Httkill hot-wlr® aaemoneter of®r th® top surfaoe of th® 8p®ol-
wm$ apparwntly aegllglbl®. la fig. 6 th© elopos of the 
omrtm, 1.®., the rat® of molstttr® loss, did aot appear to 
chaag®- with the mrlatioa® la air speed® Indioated for the 
respeotif® portloiii of the t«st period. 
The rsealts of the pei««nbillty aeasor^Beat® of th® 
various M&terial® tested are sonaarized In table 2 and shown 
in graphioal form la fig. S. Bie limbers with th® letter® 
indloat® that the aan® ®p®sl«ea h«« b®®n uied. fhe dlffereno® 
is either la treatment or aethod of test. 
"gfWylgffl ^ reettlta ahow a wide raai^ 
of propertiei, ibioh different raaterlals used in building oon-
gtruotloa have, relative to their resletanee to the flow of 
water vapor. Sv«n within the tan® olaa® of materials a wide 
variation nay exlat, a« in the oaee of building papers. Sosin 
sheathing paper ^owg a permeability of 19B In oontraet to 
the aiphalt saturated felt® and sleaillrafts whloh show only a 
peraeabllity of 1.? to 4.S. A 3M«ineh whit® pine board and 
a seotion of ©edar bevel siding also shows low perffieabllltles 
of 4.4 to B.f, re«peotlv»ly. Plywoods show «oaewhat higher 
pemeabllltles than the boards. 
Table 2, Smaary of Permeability Test Data 
SPECIMEN TEST MOISTURE TRANSMITTED WATER VAPOR 
Thick­ Dura­ vapor pres. PERMEABILITY No. DescrlDtion Ared ness Method tion difference Total Rate in.^ in. days lbs./in.2 Grms. 0ms./Da. :Gms./Da./ft.2 Gm3./Da./ft.==i/lb./in,2 
BUILDING BOARDS 
1 'tfhite ?lne Board 100 3/4 A 28 .107 9.4 .327 .•71 4.40 2 Cedar Bevel Siding 100 A 28 .107 10.e .426 .614 5.74 2a do. with 3 Coats White Lead paint 100 --- A 28 .107 7.6 .236 .343 3.&1 3 Douglas Fir PlywDOd (02S) 100 A 28 .107 23.0 .866 1.247 11.63 3a do. with 2 Coats '.^ite Lead Paint 100 A 17 .107 6.6 .457 .658 6.15 4 Douglas Fir Plywood (G2S) 100 1/4 A 23 .107 20.8 1.05 1.51 14.1 5 do. 100 1/4 B 23 .215 91.6 4.28 6.17 30.1 6 do. 100 3/8 A 15 .107 14.4 1.06 1.52 14.3 7 do. 49.4 3/a D 13 .102 11.8 .907 2.65 25.9 6 do. 100 3/S B 23 .215 65.8 3.18 4.58 21.3 
BUILUrNO PAPERS 
9 Red Rosin Sheathing Paper 100 A 28 .107 407.2 14.22 20.50 191.5 10 Asphalt Saturated Felt (16 lb.) 100 A 28 .107 18.4 .314 .452 4.23 11 do. (30 lb.) 100 A 28 .107 5.4 .208 .300 2.80 12 Sisalkraft (plain) 100 A 28 .107 3.7 .135 .194 1.82 13 do. 100 B 23 .215 12.2 ' .550 .792 3.66 14 do. 100 A 23 .107 2.9 .126 .181 1.69 15 Sisalkraft (treated) 100 B 23 .215 9.5 .390 .561 2.61 
INSULATION BOARDS 
16 Honasote 100 1/2 A 26 .107 120.1 4.48 6.45 60.3 16a do. with 1 Coat Aluminum Paint 100 1/a A 14 .107 40.9 2.84 4.06 38.2 16b do. with S Coats Aluminum Paint 100 1/2 A 11 .107 0 0 17 Nu-wood 100 1/8 A 28 .107 254.8 9.97 14.34. 134.2 17a do. 100 1/E B 14 .215 251.8 18.65 27.15 126.2 18 Celotez 7apor'Seal Insulating Sheathing 100 85/32 A 28 .107 11.9 .461 .615 6.20 IBa do. 100 85/32 6 15 .215 18.5 1.41 2.03 16.98 19 Celotez Insulating Lath 100 1/8 A 28 .107 178.4 6.72 9.67 90.4 19 a do. with 1 Coat Aluminum Paint 100 1/2 A 14 .107 22.7 1.61 2.32 21.7 19b do. with 2,Coats Aluminum Paint 100 1/8 A 47 .107 : 2.4 .083 .12 1.12 
PLASTERS 
20 Plaster on Vood Lath (3 ooats) 100 3A C 26 .126 13.0 .672 .967 9.04 20a do. with 2 Coats Aluminum Paint 100 3/4 A 14 .107 0 0 21 Plaster on Insulating Celotez Lath (3 ooats) 100 3/4 C 26 .126 11.91 .645 .928 7.36 21a do. 100 3/4 A 14 .107 12.8 1.10 1.58 14.8 21b do. 100 3/4 B £3 .215 61.4 : 2.95 4.25 20.7 
UASONRT UATERIALS 
2S Briok Wall Section Laid up with Mortar 111 4 C 26 .126 5.30- .243 .315 2.50 23 Tile Wall Section Laid up with Mortar 121 4 C 26 .126 .61. .041 .049 .39 24 Concrete 100 1 1/8 C 26 .102 6.5 : .372 .535 5.25 25 do. 48 1 1/8: A 27 .107 4.8 • .20 .60 5.56 26 do. with 2 Coats Aluminum Paint 48 1 1/8 B 22 .215 2.4 : .115 .345 1.60 S7 do. with 2 Coats Liquid Coating Asphalt 48 1 1/8 A 22 .107 2,2 : .177 .53 4.95 
PILL INSULATION 
28 Oround Com Stalks 100 8 A 10 .107 87.7 : 9.88 14.2 : 133.0 29 Rock Wool 100 1 A 10 .107 53.7 ; 6.00 8.64 60.7 30 Sawdust (D.P.) 100 8 B 21 .215 294 14.9 21.5 : 100 
MISCELLANBOUS 
31 Tin Sheet (For Checking Waz Seal) 100 A 28 .107 .2 0 31a do. with Four 1/16** Holes 100 --- A 17 .107 4.8 .392 i .565 5.28 32 Evaporation from Free Surface (NaCl Sol.) > 100 A 3.54 .107 507 143 206. 1925 
D. F. PLYWOOD (VX) 
do. WITH Z COATS WHITE LEAD 
D-F. PLYWOOD C^/s) 
CEDAR. &EVEL SIDINQ 
cJo. WITH., COATS 
WHITE LEAD 








<$ LATH Cfe'O 
do. WITH I CT. AL. PT. 
do. WITH e CTS. AL.PT. 
V.5. INSULATINQ^^ 
SHEATH1NC3 
PLASTEe ON WOOD LATH - 3> COATS 
do. WITH 2 GTS. AL.Pt 
PLASTER ON 1N5U-
CONCR-ETE Cl'-4^0 
do. WITH 2.CT5. AL.PT. 
A-" B&lCkl WALL 
4-" FACE TILE WALL 








r 1 M A50N BY MAT •ER1AL5 
o lO -2.0 30 4^0 5>0 GO 
W. V. PETS.MEABAL1TV (Gms./P+.VDa./lb./in^3 
TO 
Tig. 8* Water Vapor Fetmaabllitles of Different 
XljBds of Building Haterials Tested. 
range in variation in different 
a^eeinent and methods of Measurement are 
given byrthe light portions of tlie bars.} 
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111# Qmamm f ther iastilattioii bomf^s srad lath 
ihow veiy tii#i p©««itMllti#®. With moistttiw pp©ofiag of «mafe 
boawSa -sa speslaea IS, th« p«»«iiMilty' mmj b« r«ai2@«d to th® 
«<ittl'ritl«ot of wood boards. flast«r on either wood or Imeiilat-
lag lath peralts »ppi^©ial»l» aolstttre to flow through as m-* 
v««l#d by the t#»ts whloh itooir p#r®0aMllti#« froai > to 
1§ :^/ft.%Ba./lb./la,<.^ mpor pmwnwtm diff®r«n®a» irlok aad 
tile walls, iwad ooaoret# all traasslt appreolatol# quantities 
of water wpor. 
' Sffjeot of oaiat. effeot of the «|»plieatloa of one 
or more coats of whit® lead aad alialaai paint Is showa by 
the resmlts oa speolmeas ia, Sa, 1@®, 16b, Ita, l§b, ^a, g@, 
aad Althom#a two eoats of white lead redsroed the peraea-
billty of the l/4-.iBoh plywood froM 12 to 6, the aloalaiw 
paint Is rauoh more effeotlire, eepeolally^ when two ©oats awi 
aoplled. It was very effeetlve eT«a on insulation boards, 
reducing their peMeablllty by l/g to 1/4 with the applioatlon 
of one coat and still a greater f^dmotlon was pf^daoed with 
the appllcatloa of two ooat®. 1© aolstmre loss was deteot-
able throa#i the pl«»tsr on wood lath with two ooats of 
alaalauffl paint. 
Qam&nmm pf aethoda. the results show a rather wide 
variatloa la the pei®eabllltie« of the saae naterlal as de-
temlned by the different methods eaployed.' the result® by 
method t are muoh hl^er for' the speolaena of low peraeabllity 
thmn by A. apeelaaag of feig^ perasabllity the r«-
T«rs® I* For t%®- 'detaMlaatloa for -Bijselaeii 
Wo.^lB w&m thr®«-. tlass^ larger with' k ttma B. Bow®yer, 
wltb m «p®oiaiiii of p©CTi#aMllty lUt# lo. 1? tim a«tep«l-
lifttlone by aetteods A and 1 w®r« 134 aad 1£® 
respeotively. toother good ooKptrisoa of %hm »#tIiods wfti ob­
tained by the d®t»miiiatloa« of tbe 3/8 plywood i^tolBsas. fh» 
permeabilities ®btala«d were 14*3, 21,5 aad iS.S pis./ft.^/Ba. 
© 
per lb./in, by aethodt A, 1 and P, reapeotlTSly. rt* 
suits ehow tfctii ®ff«ot of lii^«r relatlf# halilditles on the 
mit of ptrffleabllity, wMoh le la agr^eraent with i^tvytlte obtained 
on pftbers by 0li«reii and feroggl© (3). 
Ketliod S oonslderable lower valiaeg for the anlt of 
p«i®§abllity tites fflethod A. eoopariioa i« given by the 
plaister wmple lo. 21, for whioh th® valisa l« 7.4 by method d 
and 14.8 by »etliod A. 
. lygrosoopielty Ile««tii^»®iit8 
In order to deteralm# possible relationships of the hygro-
sooploity of the fill lR»alatloa, to aolstare aoewialatloa, 
aesgttreaents of the etullibrlffli moisture sontents at mrloa® 
relative hwildltles were ®ad». fhe data were also of ms® In 
deter»lning the relative haildlty within the test walls. 
•4S* 
KethQa 
to tli# bygroseoplcslty ®f varlom* fill lafuUittsBg 
tlk« a»tl»sS mm th@ *sttrr#€ »«« w»ed. 
fh® @oii«l«t#a of M faimai««a «®titl O0at«iii«y 
m» ill»stritt»4 i« ftg.. • i. StapiuMTle asifi of vmrioii# flllmtioas 
(lll^ pla©®i la i«r» at tfe# bott« ©f tli« ooatala«r t^plisd 
th# a#sii^d feimltltiss. fbi loaipl®® werm plm&&d la opmm pi«ti*a 
OS wipt mbore th# •olmtioas* mlr was 
stirt^i by « «lo* maioiiit f»» to gim «ir#iy opportmlty for tli» 
iii«ipl#» to mm» to mimlliWlm, r®»oir®fel« ®ov»r whiQh mm 
«aa« ottt of aavnwil layara of plywooA aaft p«iTldaa with mm 
inspaotioB wiado» ira« f»al»« to pla©9 w|,tli, a emitafela irax for 
taoli nsn. 
Resuite 
fh® rtaaltg of tk« hygrotoopioity 4et«win*tloii« mm 
gXrsm itt taMa B aad ar# stewa la pmphioal form in fig. 10. 
It it i^^parant that th® a^amt^t ¥«r«i©ulita aa<l ro<^ wool 
ara iioii-4iyg«>t©ople. i\i@h aatarlal* as aawdmat am& atalka art 
relatifaly hyp*@aoo|>le and kaf® alsllar aoiatmra ©oataat-
rslatiw hialdity ralatioaa a* otter bygroaoc^ie aatariala. 
At a ralativ® h«iiity of 93 par @mt tfe# gronat QfO» ataUcs 
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Tig. 9» Apparatus Used for Iquilibrlum 
Moisture Comtent Determimations. 
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Fig. 10. Equilibritim Moisture Contents of Fill Insulating 
Materials at Yarious Selative Humilities at 80°F. 
©a Wifcii -ttotlQii# 
A wll lii«aliit«a i^®n (fif. 11) wm9 mmtrmtmS. t@ ®a:fe« 
it po»»ibl# to p«pfom tb® ®3^#i»i*«iit® m4«p Goiiti^ll«d ©©ndi-. 
tl0M. ismtlftf mat b^iiifylag i^t*lp®«nt with eoati^ls w«r® 
pp@Tl€«a to aaiatftla m d««ii^t tsaperatar# and hMsildlty. fli# 
wall# af the row with ommlX dlseasloRg of 10:^6x8 ft., wop» 
eoa»tni©t»d of g3c4-la@h gtwdi lla#d ©a both sldss with 1/4-
laeh plywood «ad lastsaated with gKJUiad ooim etalks. fks 0«ll-
lag wa« fom«d by aa ©•sphesd balooay whioh sl«o was lasmlated 
la a «ftBa@i» ilsilaF to the walli. 
fh# h#at mmmmttrf to aalatala » eoastaat t^peratap# 
wlthla the mm w«« «i;ppll@d hy a 500-watt mlmtrlQ coll 
hsatsr plaoitt a»ar aalllng aad oparatsd by th(iiw©«tat aad 
r@lay, A f aa i*imalag ©oatlaaoaaly plaoed aiTO®tly bahiad th« 
heatar itlCTsd th« ali* withia th« i^OTi to glT« b»tt®r aalfom-
Ity of tewpsratara. 
A hwldlfl#!* of th® typ® illa«twit«d la fig. 12 wag astd 
to »alataia h\aiidlty la th® f^on. A faa olrealatlag air 
oval* the w«tt®d towallag aad fi*e® water tai^a©® p.roTlt0d 
eaffloi»at hiaaldlfloatloa for th® rooa, looatloa of the 
hmldifiar aad th® hwldlty eoati^ller ar® iiiowa la fig. 11, 
for malatalaiaf ©old t««p®ratar®s oa th® ©old ®ld» of 
th® t««t walla a »st of dlraet expaatioa ©oollag ©oil® wa« 
EEFB!QE.E.ATOI^ 
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fig, 11. floor Plaa of Constant Temperature-Hwidity Room 
and a Ti®w of Part of the Wall Sections TTOder Test 
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Frame o-f 
Ligh+ Angle Iron —  —  — — : —  X - — S h e e t  M e t a l  
Towel inq-—5 /C 







Ma, IB. Usea ill SoiitrolliBg HMidlty la 
Ooastfiat 
80-
atiit C fig. 11). a® 0€»lls w«F® 0OQl#a Isy & l/S-toR mmthfl 
©hloria#. S^rrt#! l®©at®A o«t#lt» of, the rmm, fifet# «ia« 
Qf til® t«#t .iMill« fa<sli^ ©all# wia that «3^.0s#t tQ tli© ro»ffl 
soiTE^epeaA . to thm «i€f# of th« te#t walls, 
psspeotlvelf. 
Inawnmsli &8 m »»«»« ©f ©o©lliif aaS a#liaffliaifi©«tl©a w»p« 
provMed In th© room, tlx# lost of h««t ftiid water vapor to th« 
oolle wltMa the t«8t w^l ®a@loatir« wa# aiaffloisat so ^ftt 
onljr h®«ti»f aat kwildlfl©«tioii w&m mmmrnvf to aalatala tli® 
ae«lr@i eoadltloiis, Siae© tfci««® tests w«re ©Qntestfta atarlag 
tli® ©old th«r» wata «0«® l^gg '©f fe««t ana. w«t«r rmpor. 
out 9f the ro©« mSsr th® ©©ii&ltioat »alat»liiea withiit tfcte roott. 
^ fli» a®©.oapaayiag @liatrt« la fig.. IS « typieal p«rfo,r»-
«a©» 0f til® t0ap®mtmr® mm€ hmlditi' #oatrol witfeta thm rooa.. 
sua tli® teiiperatmr® fl»®ts»tioa mmr the eoolli^ @@11®. 
M«th0A 
' • • Imm lasSsa. • foll^wtag type« of, wmixm w®re 
t®«teai l«5 fraa®, th) hrlA v«ii#«r, Ce) Aaiitol®-tll«, aat 
<t) mmmtm L-Moek. 4 glv®® a tatoalAtloa of d»-
«®rlpti®a of materlale, trentaent aaft tfp® of fill Iwsmlatloji 
tts@4 la ®ii«h of til® Inaiviaml wall®. 
SlEO® th® fraae w»ll« ©oald »or® reailly hm aflapteA to a 
wl<i®r varl«ty of ooaatraetioa, a larg®r awatoar of the®® w®r® 
meet to stMy th® rel&tioa of water vapor ptmeatolllty aad 
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CONSTAMT TELMPE^EATUEE - HUMIDITY EOOM 
OVER COOLING COILS 
13. A Week's Record of Temperature and Relatire Humidity 
in Constant Temperature-HiKaidity Room and a Bay's 
Temperature Record over Cooling Coils. 
Table 4« A fabulation of Materials and Treatmeata Used ia 
th.® Ooastruotioa of tlie Test Wall sections 
WALL WAHM SIDE OF WALL WALL SPACE COLD SIDE OF WALL 
Type No. C or U* w.v.?. Description of Materials and Treatment Insulation o o a « w.v.p. Description of Materials and Treatment 
F-1 3.00 12.8 1/4** D. F. Plywood Ground Com Stalks 2.00 14.3 3/8" D. F. Plywood F-2 .44 6.2 3/4" V. S. Celotez Insulating Sheathing do. do. do. do. 
r-3 RiSh 11.0 Sheet Metal with 18 - 1/16" Holes do. do. do. do. F-4 3.00 1.6 1/4" D. F. Plywood with Sisalkraft Underneath do. do. do. do. F-5 .66 60.3 1/2" Homasote do. do. do. do. 
F-6 3.00 12.8 1/4" D. F. Plywood No. do. do. do. F-7 do. do. do. Ground Corn Stalks .44 6.2 3/4" V. S. Celotex Insulating Sheathing F-8 do. do. do. do. High 11.0 Sheet Metal /d-th 18 - 1/16" Holes F-9 do. do. do. do. 2.00 1.8 3/8" D. F. Plywood with Sisalkraft on Outside F-10 do. do. do. do. .66 60.3 1/2" Homasote 
Prame F-11 do. do. do. Expanded Vermiculite: 2.00 14.3 3/6" D. F. Plywjod F-12 do. do. do. Rock Wool do. do. do. F-13 2.50* 9.0 3/4" Plaster on "Vood Lath No. .50* 1.6 do. with Cedar Bevel Siding and Sisalkraft Between F-14 do. do. do. Ground Com Stalks do. 1.8 do. F-15 3. 00 12.6 1/4" D. F. Plywood do. • 2.00 3/8" D. F. Plywood with 6 - 1/2" Holes 
F-16 do. 1.3 do. with 2 Coats Aluminum Paint D. F. Sawdust do. 14.3 3/8" D. F. Plywood 
sF-17 do. 12.8 1/4" D. F. Plywood do. do. do. do. F-ia do. do. do. Glass Wool do. do. do. F-19 High 0 Sheet Uetal D. F. Sawdust High High : Fine Mesh Screen F-20 do. High Fine Mesh Screen do. do. do. do. 
»-21 do. do. do. do. do. 0 Sheet Metal 
L-1 1 1/2" Concrete with 2 Coats Asphalt on Inside of Wall No. 1 1/2** Concrete with 2 Coats As{)halt on Inside of Wall L-2 do.< Ground Com Stalks do. Concrete L-3 1 1/2" Concrete with 2 Coats Flat Wall Paint do. do. L-Blook L-4 Same as L-1, with 2 Coats Al. Pt. k Flat Wall Paint do. do. L-5 3/4" Plaster on Wood Lath do. do. L-6 do. with 2 Coats Alnmlnuffl Paint do. do. 
:B-1 :3/4" Plaster on Wood Lath No. :4" Brick and Sheathing of 3/6** Plywood with Sisalkraft Brick :B-2 :do. Ground Com Stalks :do. Veneer :B-3 do. with 2 Coats Aluminum Paint do. :do. 
:T-1 Double :T-2 Tile Wall:T-3 
t*** Back-up Tile vdth l/S" Plaster 
:do. 
:do. with Z Coats Aluininum Paint 
; No. 
; Ground Com Stalks ; do. 
:4" Double-walled 7aoe Tila, Hard Burned 
;do. 
:do. 
C and u sra Thermal Conductance end Transmittance» respectively, 
In B.t.u. •8/ft.Vbr./®r. W.y.P. is water Vapor Pertaeability In Gms./ft.^/Da./lb^/in.^ Vapor Pressure Difference. 
—83-» 
properties of both the wara aad oold side of the walli 
to Moisture «00i»ttlfttlon. fall F-l, which was ooastrmoted with 
1/4-1 noh plywood on the war® side and 5/Q-inoh plywood on the 
oold side* was used for a ha«lii of oorapariaoB. Any on© of the 
other frame walls exoeptlng F-13 and P-14, differed fro® it 
only in aoiae one respeot. Henee, the results oould be o^pared 
with thoae of P-1. Hie variations in the properties are Indi-
oated by the water mpor pemeablllty ^and theriBal oondmotanoe 
or trsnsalttanee gl^en for eaoh of these walls in the table. 
The 'general plan for eaoh of the other typea of walls, was 
to ©bserve the relative dlfferenoes In aolsture aooiaaulation 
between insulated and unlnemlated walls and to observe the 
effeat of the addition of a aolstur® barrier on the warn fide 
of the wall. 
^ %mt SSBa- of wall 
seotions wag governed primarily by available ipaoe, lize of 
bnlldiijf unit# and ease of manipulation, -fhe width of frame 
wall! was the «««e as the dl^tanoe between stud-g- apaoed 16-
Inohes on ©enter®, the hel^t being somewhat larger than the 
width. 
®ie etsentlal eonitraction details of eaoh type of wall 
are given In fig. 14. "ft# trmm walls, irtjen under test, were 
sv^ported and held In plaoe by a tx6-lnsh wood frame, irtiioh 
pemittsd the reaoval of the walls for weighing without Inter-
ferring with the test ©..ondltlons. the other walls- were 
Clamp 
Plywood 




C"x® Suppor+ing Fro me 
&ubt er Weather 
PI jwood 
— PIl Mvood Frame on Which T.C.4Moisture its Are Mount«d 
^"Plaster on-^ Wood Lath 
* n Si-op rx-^" Panel Frame 
ixl Filler 
Ca iliced 
2'x O' Pane! Frome 
^ Plaster 
<4 v6 xl2 &ack. Up Tlte 




PI iwood FVxime on VJ ilch T.C. ^  Moisture Points Mounted 
Gv.-<! 
Concrete L-BlocW:, _ Thictness 
Thermocouples At AH Points 
Moisture Points At 
T.C. At All Points 
VI.P. At 
T.C. At All Points M.P. A+ 
The Warm Side O-f The Wall ts On The Le-ft 
And The Cold Side On Thie Eight. 
if 
b^2.icv^ VE.MEE.E DOUBLE TILE 
T.C. At All Points M.P, At •S,4.,S,fi«T,4© 
CONC12.ETE L~e»LOCl^ 
Fig. 14. Details of Constnietion of Test Wallr. 
(Til® niMbers indicate the points in 
til© walls at irtiioh either thermooomples 
or moisture points vmre looated,} 
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©nsloied itt gaeiO-liieli wood fremws, sod a sii^portiag f ma® wag 
aot tt@#d foj* thotn, inasBmoh as th^m was no QtoJ«ot ia rmo^lng 
thmt '^m»M99 th9f w#i»® too heavy to "hm w®i'^@d •fsir dettetii^ 
#»ail dhattgtt la weight dm# t# m©ittiii»« aoewulgstiaa. 
individaal for th« wall g«©tiofts w«p® aad® 
0f 1*3 l/i-ia«h whit® pia# fe©«ris ©ftrafmllf matched ts insop® 
tiglita®si mt th® ©ora®Fi aad paiat«d with tw© mmte of aH»lam^ 
palat h«fQm ®lth#i» th® waM tld« f«a«ls ©r eold sld» paa#l« 
wer9 fasteaed ts them. fh» edg#8 sad a margla of about 5/4-
iaA of toth the warn oat eoia iia® paaals wer® eoveped with 
two @®ats of aliiffllaiM palat la ©at# of th® wooa paatls, or ia 
th« ©fti# of thoa® walla ihei^ fiber iasmlatioa hoards ware used, : 
1 
the" edges aad a S/4»taoh aargia were dipped la melteS' wmx to ! 
\ 
iaawre agalnet posi:ihilltle« of etge leakage, ffee mrm aide | 
I 
paaela wei« faateaed pemaaeatly, tout the oold slfie paaela 1 
were aiaie rMovahle, elaoe the outlet for the tl»rB©©o«ple aad 
aoieture foiat wlrei ootfld he takea ©are of la a more satis-
factory msmi»r, aad heoaaae of the deairahllity of takiag a 
photograph of thia pmmX l»fore the aoewalated froat ai^t 
melt, whea the wall aeotloa waa opeaed for observatloa at the 
ead of the teat period. 
Withia eaoh wall la a Tertioal poaitioa wa« plaoed a 
ll^t fraae, nade of l/4-la0h plywood of the tihape aad aiae 
iadleated ©a the detail dmwlaga ia fig. 14. fheae seized aa 
rigid momatlag frames for the th«r»oooi^le ^uaotioaa aad 
wood ®ol8tw« poiat® for obtewing th® teaptmtare aat mQi§tum 
wltlilii tli® wall tpae#. position of the fra®® ana 
th® aanner ia wfeieli thm points wer® somt^d ant st«g-
..g®r«a are ehoro la fig. li. 
In th® frita® witlXs whisfe wer® iasal»t®€, th@ Ingulatioa 
was plaoed ia thsm ia four e^aal la^are ®spai«it«l by a siagl® 
thickness of eheeseel^tli, fti® spasiag of th® theiraioooapl®® 
and ffloistiip® polats was »«eh as to fee ia th® oeiit«r of eaeh 
l«y<«!r. Thm division of th® Insulation lato layers fey the as® 
of cheesecloth ®li«iaat@d th® imo»rt«iaty as to th® looatioa 
of aimolBs of iasalatioa for ffioistiire dstewiaatioas. 
Th® ooastriKitlon of th® other walls was inteaded to 
as n®arly typloal ooastraotloa as pofisifel®. It was felt that 
the walls w®r@ of saffioleat six® that oliserratlons aad® at 
or near th® ©«at®r wotfld fee fr®® fro» possifel® #dg9 effect s. 
All masoaiT waits w®r® laid ^ with aortar of the f©ll<w-
ing proportioas fey w«l^t| 1 part mortar mix, 4 parts ©en®at 
sad 7 parts fin® saad- With th® #»ieptioaoP th® doafel® til® 
walls, all plaster was applied in thr®e ©oats la th® follow-
lag proportioas; 1 part hair flfe®r®d plaster aad 2 parts fiae 
sand for feoth the seratoh aad ferowa ©oats, aad 2 l/£ parts 
a®gular Xseae' s 0®m®at aad 1 part Fialshiag ly^ated Ll«® 
Patty for the finish ©oat. &e plaster was applied ia two 
cost8 in th® til® wall®. 
The Insalatioa was plaood in from Mi® top ia th® til® 
Fig. 15. Photos of Sample Fraa® Walls Similar to Thos® ^s©d 
in the fests. (Left photo shows a mit-a'«a^ ssctioa 
showing a aountiag of iMjistur© poiats. light photo 
shows a 0ompl@ted wall rea&j for t®st,} 
mna @oaoF«t© walls, So att«apt w»i »ad» in thee® walls t® 
aiTld© tfe« iasulatioa into l&fmrm* -futtf w«® «tea ag a flllei* 
una®? the mrm t© prewmmt m&f l»alcag®. 
Tht aaa loeatloa of th» walls ahomt the Q©O1-
ing ooilsafs whmm is fig. IS. Th« »ia®s of th® «all« fa®in$ 
th® oolls ©®Fi^spaat«d to th® @®ld tia® ©f th® wall. 
Mmi. If III,Iff mWf • W0®d moietmi^ j^olnts, «o»©Rll@d 
h©oam»« th® aolstare ©©adltloa which they b.T9 to iadlsat® with-
la th® wall flpa@®, whll® th® wall l» waier test, w®r® ®ad® ©f 
l^gxl/Exg-laoh pl®©«s ®f 5-ply ©omglat Fir ?lywo©d. fh« 
molitttf^ €9at«at of these wo^d pi«@e« Is Indleatad hy th» 
«ls®trleal i^alBtaa©® h«tw«®a two el«©t»d0S abottt 1 iM-lnehea 
apart la th® f©f» ®f t tlraned flalitfi aalls drlran la th® fall 
thle^Beg# of th# pie®®. la T1®W ©f th® larg® aaeant of lag 
and the lnflu«a®i ©f taapefatar® oa th® r®»l«taii©e, -rery iittl® 
d»p«iid«a0e wa« plaotd oa th®« for the ahaolmt® fflolatur® read-
lugs a.e read hy a fag-»epp«a«tahl Wood Kolatiir® «®t®r. 1^®y 
w®r® @f value, how®?«r, la ladloatlag wh«a ooaditloag had 
reached efulllhrliui or a steady state, to he able to t«k« 
aooount of mrlatloat la iadlrldml pl®®9s ©f wood aad th® 
spacing of aaila, ®aoh pleo® was ©allhamted at dlff®r«at relatiire 
hwaidltles la the apparatus used for maklag th® hygro«©0pielty 
detewiiaatloas t see fig. @1. 
SsaS^ oosditions aalataiaed oa the mm 
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A I Fill Jnsula+lor 
^Supporfing Frame Rsr- Frame 
'•Brick, 




















fcrick. V«ne«r Wall Pan«! 
Double Ttle/^ 
Wall Panels 






ELEVATION OF FEAME - WALL PANELS LEFT END ELEVATION 
Fig* 16. Arrangement and Location of Test 
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at Intermlg of twa oi* tlir#« dmfs aafl at sttsh times «« It te®««d 
«®slimbl®. To a«t®f®la« tlie pat® of aolstap# aeciMulatlsii, tli« 
fim® mQtlom werm. and wal^ai at two or tliP«« 
Interral®, 
At tfe® end of th» first t®st ferlM f©r the walls 
and ¥®ii«»r walls, whleh mrlet %m Aafrntloa frcai ti t© 41 
tays, i«p#Biliig ©a th® tla® of r«aoYal froa test, thm ©old wall 
panels w@r® mmQW9&, walghsd aat lR^®ot®a aat a pfeetograph 
talian ©f thm inslAe smrfae® to show the «ol8tai» ©©Mltioa. la 
aaaiti©» t© sa«pl#8 ©f lasalatloa talsn fr©« eash layer all 
parts ©f the wall were wei^ea to leteralu# the nolsture ah- .. 
ttorptl#a Im e3c©es» ©f what It had wheo It ©ime t© e<imllll!»rltaB 
with the ©©Hfiltlous In the ooastaat teBpemtmre-h^ltltf roc®. 
Ihe 8«©®nft test perl©a for walls F-l@ to F-21, Inolaslw, 
Taned trm iO to 29 fiafs for the aiffereat walls. Ifee oh-
serratloas ©a tfc»«e wews ©oatoetefi la Ilk® aaaner as ©a the 
first .gro'i^ of friae walls. 
fh# Ao«ble tile «a« ©oasrete mils were left la plaoe 
dttrlag feoth ©f the test perldds refewet to al^^e aafl there­
fore the test perlot for these was of fZ days Aaratloa,. the 
flaal laspeotloas ©a these were mmh more Halted slaoe all 
seotloas had to ho reaoved f3^ test at the same tlae. there-
fore» the final ©hserfrntioas Insladed ©nly la addition to aa 
laspe©tl®n # the walls, a aolstare simple fnm eaoh side of 
the wall. 
-62.. 
Bi® »#lstuir« a®»pl.«« w®rt from fl^ to »ix hourm at 
& tBmpmmtVkm fwom tWO^ to 2W^W, 
gfg^tg . 
faat data. fli« data obtaiaiid fro® th® tests on the wall 
geetioBs mm In tli« aeooi^aiii'lag tatolet S, i f, 
fhem, It will b# a©t@d, glre th® t®»p«imtmr®a, aoistur© ©oa^ 
teat# of tti® Jlntttlatioa aBd tli® f«latlT« aad sbsoliit® r&pQT 
presf^irsf at tli« d«sigoiitf>d looatloas in tli« wall. For the 
fra«« wall s®®tloR« thu total isia, mt» of gaia and th# aao^at 
of «3re««s naiatar® ahaorbed hy th« ©old wall panel® a.r« giren. 
The omistloa® of mQl«t«p® eontant, ant vapor prBseure data 
from the a© tahls® ar® da® @lther to th® faot that no raolstmi*® 
aamplee war# tak®a or th® wall was aot l»salat»d. 
gt ifttai? slSMa mu., mgm- ^ 
r»latlv« vapor preaaMi^a war® d®tsmin@d wl^ th® aid of 
9«|uillbrim «ol8t**r® ooateat data obtalaad by th® l^grossop-
lolty a®a«ar®a®iits. ?h««e ooald be r«ad dlraotly fr» th® 
graph in fig. 10 if th® taapamtmr® had ao affaot on th® 
a^uillbrlw moist^i^ ooateat. How®"f9r, it ha® beaa ob»«rved 
that temperatiir® do®® hav® a proHOtiaoed «ff®ot as in the eat® 
of wood (161, fh®«e effeotg w«r® aot ®valmt«d ia th® 
hygroioopleity datamlimtioii® of th® iasalatiiig »at»rlale, 
but it woald i®^ logioal to asarnn® that the ooiraotioaa for 
wood would apply ©tmally well to sawdaBt. With iafofmatioa 
-•63— 
Table 5. Test Data on Frame alls Used 
in the First aeries of Tests 
Wall No. 






Rate of : Warm 





















































74 66 61 : 51 : 40 : 32 : 18 
7.15:8.75:10.6:21,9: 














71 70 64 : 53 : 41 : 32 : 18 :15 
6.66:9.55:12.0:19.7: : 













71 65 : 53 : 41 : 31 : 18 
7.45:9.50:11.4:18-.4: 














73 68 62 : 51 : 38 
12,5:15,6:18,8 





















63 53 46 : 45 : 44 43 32 20: 12 
: 80 
: .027 









72 70 65 : 54 : 44 : 36 : 22 
8.40:10.5:13.0:16.7: 














72 70 63 : 51 : 40 : 30 : 22 :17: 12 
8.59:10.1:15.5:19,3: : : 
32 : 42 : 68 : 78 :100 : : 80 
,092:.078:,083:,063:.057: :,027 









72 70 64 : 52 : 40 : 30 : 18 
9.55:11.6:14,3:22,4: 













72 70: 64 : 53 : 41 : 29 : 21 :15: 12 
:8.20:9.78:12.7:19.6: : : 
: 29 : 40 : 57 : 78 :100 : : 80 
085:.077:.072:.060:,053: :.027 

















18 :14 12 
80 
,027 

















15 12 12 
80 
,027 








61 55 50 : 49 : 48 : 47 : 40 16: 12 
• 60 
: ,027 








70 67 61 : 50 : 38 : 27 : 21 
11.8:14.4:18.7:36.2: 













71 69 61 : 50 : 39 : 30 : 18 
8.73:10.8:14.6:18.8: 





34 91 1,52 -6 33 
Table 6. Test Data on Fram« 'falls Used in th® Second series of Tests 
Wall No. 
J \ 

























70 66 : 59 : 52 
5.38:6.30:7.56 














24 : 19 : 16 
17.3:73.6: 






















70: 67 : 59 : 51 : 44 : 37 : SO : 22 : 18 : 15 
:6.08:6.94:8.22:9.59:10.9:12.5:17.2:238 : 














60 50 46 88 81 24 
85 
18 : 15 18 
.036 








66: 63 : 57 : 51 : 45 : 39 : 33 : 27 : : 18 
:4.51:5.32:6.39:7.62:8.60:9.59:12.0: : 














: 63 : 54 : 48 : 39 : 32 : 27 : 21 : 14 : 13 : 13 
:12.0:13.8:15.2:16.9:18.3:21.4:17.4: : : 
: 74 : 80 : 82 : 85 : 87 : 88 : 84 : : 90 : 
211:.178:.136:.107:.082:.062:.044: :.086:.036 








64 : 56 : 46 : 89 : 32 : 28 : 26 : 22 : 20 : 16 
U.9:18.8:16.0:19.6:23.7:40.9:138 :158 : 402 : 
74 : 80 : 84 1 91 : 98 :100 :100 :100 :100 : 80 
.218:.178:.184;.108:.087:.075:.067: : :.086 
29 658 27.0 33 
— 
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Tabl© 7. Test Data on Briek Veneer, Doubl® 
Tile, and Coneret© L-Block Walls 
L-BLOCK VIALIS 
Wall No. 
Location In Wall Duration 
of 
Test Warm: 






















) f  CO] 
41 









:T ; 75 
:M : 
L-2:H.H. : 50 
:T.F. :.215 
66 65 61 ;5E: 43 
11.3: : 
52 : : 
.135: : 








:T : 75 
:H : 
L-3:H.E. : 50 
:V.P. :.215 




53: 45 : 36 
: :14.7 
: : 66 
: ;0.69 



















55: 47 : 38 
:11.9: 
: 53 : 
:.084: 


































70: 63 :54 
:8.06: 
: 27 : 
:.078: 








DOUBLE TILS WAILS 
Wall No. 
Location in Wall Duration 
of 
Test Warm: 


































19 :13: 12 
42.1: : 






















BRICK VENEKE WALLS 
Wall No. 
Location In Wall Duration 
of 
Test Warm: : 









50 : : 
.215: : 
58 : 57 : 57 : 56 















50 : : 
.215: : 
66 : 57 : 46 : 37 : 30 
10.9:13.4:16.4:22.5: 
51 : 64 : 72 : 84 :100 
.166:.157:.124:.099:.081 












73 71 67 : 59 : 49 : 40 : 30 
7.28:11.0:13.0:19.5:32,6 
27 : 50 : 60 : 79 : 
.088:.122:.104:.094: 




glvea oa woo4 l>y th« forest F»Amot» Uiboratopy {li), tls» gimijli 
in fig. if for ea»a«gt was ©oattraotea. tor mnj glvea aolftmr® 
Qmtmt mn& ttap»imt«rt,tlj«r® 1« tben at fiv«a relatlTn vapor 
pr@«««r#. 
a# vapor pr®simr® iata of th« wall® lasttlated 
with p^omd oom ftalks *i^t b# of son® v«lm« la th« aiMMyslt 
aad l»t#rpF®tfttl0a of ffee r«sttlt#, ilallar oaloalatloaa vara 
«ft€« wltfe aaswptloii that eom ataUfe Inevaatloii, too, liat 
a similar mrlatloa la Bolftttr® ©oatoat to tusparatmr®. 
Ml liiix tifff fMl mm. mS. .mM 
sltaa of w&llg to aolatmre aoo«i^atloa> fo ftataralae tha 
relative effeota of the water vapor paraaafeHlty of the war® 
ant ©oi« 8l«e» of the walla oa »olttt»*e a®@i®alatloa, 
teveral wi41s were ooastimotea ifelofe aifferet la these pro-
partlea as aay be aotefl la table 4. Pigar® 18 ehowe the 
relatloa of the peraeabillty of warn aaS oolt «l€a of the 
wall with the mte of aoletare asomulatloa, whldh was deter-
alaet tvm the alope of the llaear portloa of aoomalated 
solatare omrves, fha gfapha show that the pemeablllty of 
the war® aide of the mil lafXaeaoes the rata of «©s«alatloa 
nuoh «oi^ tltoa that of the ooW aide. Wall f-Jt whleh had a 
hi^ permeability of m pia./ft.^^Da./Ib./la.^ vapor praasare 
dlffereaoa ©a the waiw aide ptlaed aol stare at the rate of 
6.gS l^a./ft.^/Ba, Wall F«10 with the aa«a peraeaMllty oa 
the ©old alda galaed oaly at the rate of .2© gB«./ft,^/da. 
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O 
Values From Equilibrium 
Moisture Con+ent Data 
O lO -20 30 40 50 so TO SO 
TEMPEeATURE C^FO 
9>0 too 
Fig, 17. Moisture Squililjrlum Content Data of 
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Fig. 18, Variation of Eat« of Moisture (Jain of fiemm Walls witli tli® 
W^t#r Vapor Pameability of WapA ima aoM 8id#s of tli® Wall 
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lash wall mQlttwm with tii« e3®«ptloa of F-li whlQh had 
#h0®t Metal ©a tto» warn «id« and flu© mesh «0p««a ©m th® eolS 
aide. It aetmlly l@®t 8 gr»mm of aolttttP# dmriag th« first 
part of th« t©8t psrlod. wall® f-4 aad F-IS with aoltture 
harriers' 0®. th« wmm :#!€# aooaaiCLated «ol«t«f«. 
fh® ahoT« data show that th« imt® of aoetwiAatloii doet aot 
dapaad altog®th»r oa th® p#r»«ahlllty of elthtr eld# of the 
wall hat mth«r oo the ratio# of th® p»r®«ahllltl«t of th® two 
sidas of th# regpaoti-ra wall®. Plpira 19 ahow'S th« irarlatioa,. 
of the rat® of gala with th« ratio of tlw paiwaahllity of th« 
cold to that of th« warn sit# of ttei wall. ®ils graph «how« 
that ratio of th« parssaMlltlta aaat h« wall atoow IE to pr«-
Tent Bolatwa aooi«ta»tl©a for th# oomdltioni ttadar whioh 
th«fi« walla war® ttetad. It s©@»® to ghow furthar that hy 
laoraagloi th» peraaahility of th« ©old gide of the wail, the 
mtt© need aot he ai large to ohtala the saaa redaotioa ia 
f«te of aeowiilatloa or to prevent it oos^letely. 
However, it ahoiyCld he pointed out that the low mte of 
gala for wall F-10 wa« la part dme to a hl^er surfaoe temp­
erature oa the iatide of the ©old wall. Its teaperature at 
thla'point of a« eomoared to 18®F of mill F-l and F-9, 
provided a greater impor preeewe differential aoross the 
sold aide of the wall. It had a dlffereaoe of .026 lh»./ia.^ 
as ©oapai^d to .019 Ihs./in.® for the other two walle. Oon-








































+ at 1 
of 
•2..0 gr 












Perm* Warm Sidie o-P Wall 
Fi^. 19. TaTiatlott of late of lloisttire Oftla of Frame Weals ' 
wltJx tfee Ratio of iKater Tftpor PemealJility of Cold 
aide to tliat of Warn Side of Wall. 
thm wall wa# gr#at#r ia pTOpoFtim tef tfet rittio ©f th«s« pr#®-
smp«s. If'a e©Fp#ip®aaiag mtrmtim wews itp|jli#ai its mt® 
®f ^ia w®mld .ii ^ s./ft.%t«. iastsM of pis./ft.®/ea. 
fliia vaittSj,. wh^ pld-tt#A ©a th« gmpis wealt pXm@ it near* th# 
i i p f t r  a a r r t .  I t  f ® l l © w «  t m m  m  © o m s i d e r a t i o a  ® f  ® « n i f t t i 0 s  ( & } ,  
that tht# r«tiQ for t#ro «eowja,ati®ii »ity toe l«:f« fey tfa® rati® . 
of th© ptmeAMlity of tli» oold sli« ®f th# wall to that of 
thm fill ifi«alii.tioii, *Aioli ia thi» oa## is or mfeomt 1. 
©lie is ia good agretnant with the ©tmtioa Jmst referred to. 
It if of iiit«»«t to aote tl» rate of piin of walls F-3Q 
and P-21ifM0h ropi^stnt «ittr©a«« ia p®Mi«ateilltit®. Wall 
P-.21 with » „«sr©«a OB tlw waiw #14® and Bh««t netal oa tha . 
oold fiid« gai»id o^er ®&3 aoiatar# daring thm paidlod «iW®r 
t#Bt of W day#. •• fli» 'rate of gala waa' -pia./ft.^/lit.. i» ooa--
trast to wall f-l9 with ao gaiJii Wall F-20 with both of its 
wall® of fine «««h aoraaa galBsd oaly at tha fmta of .8S^a. 
p©r,:.ft..%lR. toward th# end of th® t«st fariod. Hiara wat 
goa® dombt a# to whether this wall wo«ld hair® finally o#a«#d 
to gata if left on taat indefinitely. 
fh& toriolE vaasar, domlila til# aad eoaorate blo*^ walls, 
all ladioatad that aoiet«rs had aoe»»mlat«d, toy tha ffloiatura 
Bamplas takaa frcsa varioma parts within. It wa« awoh laaa^ 
how®v#r, in thoae walla whioh had baea paintad with two ooata 
of alwtnai paint oa tha warn aid® of tha wall. 
-72-
MsSlffi St ii$s£ mm ai mils M w^u^m. 
iS4 tmm A# 9hmn in fig. 1,. 
tfe® 'pelatlTe huwiaity mr relmtlwrn rmpor prsstiar® varleg wlthla 
tlie wall. spmm.,. i,®p«a«liig m tb# abisQliat# Tapor prmmmm aat 
thetmmpmmtum. If the iasnlatloii 1« ,hygr#«0-c3pl®, 
tha «oi#t«r® will teaso*® m 41«tFlteat®t that eaeh layer will tea 
la etttilibrH» with thm fftpor pwrnsmm la th« layar. It 1« 
l>#SiSlble than to a®t«mla« IMiraatly i^« tapor prastares at 
dlff«r«Rt polats la thm wall firoa tb® ®Ql«t«» aoataat ©f th® 
lasulatloa. flia aolatmrd reaistrllJMtloa wry s-rldeat €iiiv 
lag the'flnt part of tfet'test parlod as r«^»ftl®d by th© raaS- • 
lage of ttis wood molt tare polats. 
Walla, F-1©, W»W mn& f-21, whioh ware eoattrwotad to' 
give a wM® raa^ of p®m«atotllti»«, were exoelleat for ob- • 
sarvlag the variatloa la »oi«tare oonteat® aa« r&por preefur# 
gradleats, fhesa ware laattlated with flae sawfiiiit tr&n Bo^j^ilag 
rir li»ber whloh *af aiTliei lato smm layer® to glire greater 
f^llatollltf ©a the aolstmre ooatent teteraiaatloae. Ifea 
taiaperatmre, relative .aai abeolttte mpor prefemree for the«e 
walli at the ead of the test period are ghowa la table 6 aad 
figs, m to Sg, iBoltislve. 
1fe« effest that the vapor reslftaaoe of either the war® 
or ooia sites of a wall have oa the aiitrlbwtloa of the aolatiire 
are »hown by these reetilts. la ease of wall F-19 tflg. 
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Fig, TMBper&tur#!,. Holetttr# Sosteat, Relative 
'aaa Absolut® Vmor Prm&mre Clmdlenti 
of Wall r-19. 
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Fig. El, Teaperatur®, Moisture Content, Relative and Absolute 
Yapor Pressure Gradients, and Condition of Inside of 
Cold Wall of F-81. 
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MOISTUEE CONTENT (RC+.) 4 VAPOE. PE.ESSUEE C^oo lbs./in?) 
th# mmim «ld» ff« a moi«tlire ©osateat of S to 4»51 per 
o»at «ad it 'piliieA to IE per mm% os the ©old ait®. Wall 
f-gl Cflf. 21) irtilofe i« inst the otiisr «xtfea@, hag mQietum 
0otit«ats 'mmh -Mghiir mm *omM #ipe-ot0i. ^em -rsrlefi frtm 
IS i^sr eewt ®o th# warn «ia# to mmr 100 psr 0«nt wlthm »& 
iaeli ffua th» wall. 'It mi§ atlll fel^»p wfe©!*© th# insmlatiO'St 
w«g in aontacit with the ©oia wall. A layer of iasalation of 
3/4-.inch in thicitaess mM to th# ©old wsll ted frmem iato 
m solid wmm* fhe additiansl moistiire oh&aged the th^nwil 
ehsmoteipistios of the wall as «hom by the loofttion and 
of the teapemtmre gmdiente at the beglaniag aM end of the 
test. 
The v&for pretimi^e ia- "ttieee two wall# differ greatly. 
Iii wall F*19 the preeenres- sr® ftboat the same as those oia the 
oold side ©f the wall, whereas in wall "f-Sl it dr^pt trm 
.81S lbs./in.® on the warat side of the^wall to '.087 Ibg./'ia.,^ 
on the ©old side, falls with any ©th«r ooabiantions of per-
meabilities of ©old and m&m. sides of walls womld have vapor 
pressui^ gmdients whioh would lie between these two extreoei. 
Wall F-iO (fig. 22) with soi^ens oa both sides of the 
wall had praotloally the feae vapor pressure s^aracterlstios 
as wall P-21. CFadoiibtedly jttst as aaoh or aore water vapor 
flowed into this wall at in wall f-21 bmt it was pemitted to 
pass on thiHjii^i to the oold side, ftm ffioistiire ooatent of the 
insulation 0Bxt to the waf« side was als® the saae. fb9 faot 
that tfe« aeietmi^ sontiat wm les« la th® outer Imjer than th# 
ii4ja©«nt iayerg wag tii0» T9Wf likely, to th® low®r wslativ# 
hiMiaity in the i»«gi©ii near the @©ia watll. 4« wmj b® 
th« fflolstttr® mntemt la AUf of th« layers was not ®3tti:wely 
hifh slii«9 th® 1^1®tiv# h^idity did ti©t »x©®®a iO p«r o#iit . 
fh«8® r«»ultt aup«ar t® l»ai<5*t® that a wall of gawdnit of 
very low p«w»aMllty will m©©tmulat« aoistui^ to bring th« 
lii««lati©B to ®Qmilitorl« with th® relativ® htaidity withla th® 
wall, retftifilftg wry littl® if ai^ free aoistttr®. fh® plaolag 
of a amterlal, with Iss® p9r««atollity ptr unit of thlolE-ii®®® as 
that of th« ingolatlon, oa th« oolt eld® of th® wall wotaa m 
doubt result la ea^#®® aolst«r® balag ratalaad la th« wall. 
Th® data of th® ooadltion® la th® walli of F-IS aad F-17 
ar® also thowa in figs. 23 aad M. In th®®® It raay b® a©t®d 
that th® ftolatmr® eonteat, relatlw hwiltlty aad vapor pr««» 
sur®s looreased whea th® ratio of th® p®rffi»abllity of th© oild 
sid®, to that of th® warn gld®, lowar. ®il8 ie alao «h«»B 
by th® obsenratlon® oa th® briolc T»ii«®r» doibl® til® and 
Conor®t® blool: walls. <S@® tabl® 7.) 
Wh®reT®r th®r« was an aooi«ttlatloa of fflolatuf^, th® oon-
oantmtion of th® aolttiir® wa« alway® mt tim boundary b®tw9#a 
the Inawlation and the ©old «ld« of th® wall, fti® aoomwlatlon 
of ttolatur© on the in«ld® of th® aold tide of wall® f-6 and 
f-lO art ihown la the ohoto® of fig. 2§. Sine® the ©old sldte 
of wall# w«r® in dlraot ©ontaot with fr®® water or lo®, it 
lOO 




















































Pig., B5. Temperature, Moisture Content, Relative and 
Absolute Tapor Pressure Gradients, and Condition 









Pig. 84„ Molitor® Soateot, lelatlF® a®<3 
Abiolate Vapor PreasniNi of Wall f-l?. 
(8«« fig, 2? for photo of eoatitioa of the 
iRsid# of the sold wall„) 
^all J-S ;all F-10 
Fig, 25, Condition of Insid® of Gold Side 
of "•alls F-5 -nd F-10. 
-•Si* 
aatmmlly fdll©w® that afesortotd m |p3oa a®aX a©lsttty«, 
Tablet i and @ »Ilow th« «Boaiit« of &b0orti«d by tim mlA 
sld«« of tia® wall In ©xseat of tk© «9<i«lllbi'liai fflolatiar® ooatant 
m ^ p«F o©Bt relativs hOTldlty. 
®i« alop© In the vapor prt^««ar© gmdl«nts In th® 
@Qld«r part of walls F-16 and f-lf (figs. 23 and 24) Is un­
doubtedly dm® to t©ap»r«,tmr«, #ln@e th® drop tn pr©«8ur© aoro«8 
th® insuliitloa du® to the flow would be unlfoi®, 1.®,, th© 
vapor pr©sfiiire gradlant aoross th© Insulation would be a 
stral^t line. %!• It, «ier«for©, mm& evldeno© of th© 
additional di^p In pr@ffu» in ths solder part of the Insulation 
da© to t«ap®ratur©, whloh wa« dltouaied abov© in ths analyel© 
of aolatur© aooiwulatlon. 
In T«ftlli 1-1.» B*2,' f-lS and F-14 there was also ©oae fi^e 
moletur© betw«eB the plywood gheatfeing and the fei^ft paper, 
all of whioh goes to show that molttur© »ay asomulat© at th© 
boundari#® botw@©a »at©rial« of different p«w©abllitl©« 
providing the on© of lower pemeability is plaeed to th© sold ^ 
Sid© of th© other. 
S f l f f t l - f p  a £  M .  m m  m M ,  M X i m  
mllM M WoA§t^m results on the re­
lation of the th@«ial resistano© of th© w&m and ©old ©ides 
of th© walls to ffisistur© aeemulation &rm given bsr walla F-2, 
r-S, P-f,. F-S, and P-»l in table i, the latter @©rving as a 
basis for OMparlson. Althoi3^h the results show tendenoies 
-8g-
ae mtm not itrlstly #€»pai»tttlv« toesam#® of tli« 
aifflsalty in ©btaiains aatsrtalt 0f wtftelf varying thmmt&l 
mnistmnmB whlQk wmvUA imr® tli« mm® wm^or rosistaoQg. For 
©MMiple, the ahdat iroa with l/lS-iRd^ hsle® the 3/4-iR@h 
aoistmr# |»jt^of#a theathir^ whieh war# u#®a m th® warn tides 
Qf wall# f-g and F«3 aad th#^  sold siS»» of walli F-? aad F-S,. 
thowsd water Tap®r peraeabilitles of th® of about ©im-
half that ®f th® l/4-i»0h S. F. plywood as d©t»»iB®d toy 
aethod A. In view of this, no farther disewaaion will h« 
presentad. 
asouaulation. ft® Tariatloa of therat® of gaia of moistiir® 
of walls whiah war® lasiilatad with diff«r®»t kinds of inaii-
latiag aatsriale are pr®@«iit®d i» fig. tS. Walla F-l, F-ll, 
F-lf, in»ttiat«d with g^tiad eo-m stalks, 9'3i^aiid#d verwiciilit®, 
and gawdmst, r»«p«©tiv®ly, gaintd aoistare at ahoat th# Bsme 
rat®, lallg F-12 and F-IS with rook wool and glass wool, 
re®p®etively, piia@d »offl®what 1®®« rapidly. Siis dlfferama 
aay Is® attrlhmtabl® to t^ lowsr p®ra®ability whioh ths roek 
wool ha# than aithtr th« groaad oom italks or tl^ sawdust 
as revealed toy th® poraaaMlity t©«t«. Cis® tatol® 2.) Bi.® 
oondltioaa on th® iuaid® ©f th® sold eld® of the wall for 
walla F-l, F-l?, F-lt, and F-ll are showa la figs. 27 and tS. 
Further, a^ ti^atf «r of vapor whieh aay tak® plas® ^  
ooRv@0tio» would t®Bd to InoTOaB® the rat® of aooi»alatioo. 
WALL INSULATION FRAME WALL5 OF PLYWOOD CONSTR.UCTION 
NO. 
F—1 — Gr-ound Cot-ns+alks 
F—®— None 
F-ll — Expanded Vermiculite 
F-l*2.— E.ock.wool 
F-17 — D. F. Sawdust 
F-ia — Glass Wool 
CONVENTIONAL FEAME WALL CON5Ti^UGTlON 
F—13—None 
— Ground Coms+allcs 
O 1 2. - 3 ^ A-
MOISTUEE GAIN (Gms./^'+.V ^ aJ) 
Fig^ gi. Rate of Itoist^e Sain ©f Uaiasmlated and Insulated 
Walls irt.til Dlff@reat p.ads of Pill Insulation. 
7 
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Wall F-1. Grouad Cora stalks Wall F-17, D. F. saMust 
Fig. £7. Condition of Inside of Cold Side of /alls F-1 and F-lf. 
•mil F-12 Rock Wool wall f-11 SxpaMed Teimiculite 
Fig. E8. Condition of Inside of Cold Side of Walls F-IS and F-11, 
Tli« fast that « imager of waXlt «ol8tmr« at th« tof 
portion of tli« mil would hmr ttil# ®mt. (i«# figs. M ant t@;) 
It li fae«ti©a»bl« that in vl#* of thes#' i»#«alt« th&t th« 
te^ygi^oseopieiti' of th# InsMl&tloii lias m appreeiatol# eff&ot o« 
«#ist«r« a.0otiffiml«tioR, 
Qt Mm^mm sai iaissiM$s&:isiM. Figur@ E@ 
allow# tfe«t tht «aiasa|.&t®€ f»ia« wall# of pljrwoM ooattmietion 
«.a©i»wl»t»d «©iat»i^ ever twle# a» fast «@ tlio## wM&h w»m 
tii-gulat«d, in the ©oawatlonal fpaii» wall 
til® iQ«mlat«€ wall galaed at a slightly gr«ftt@-r mt«. 
fli« m»i0tui*® will ell so»fiea8#8 ia m mimul&ted wall 1« 
ooiie®atmt#d at th» b#ttOT portlsn of the im«id« of th« '©©Id 
wall. "It therefQm mmf be m&m h&mrd&m th&n if it ir«re di®*' 
tributed «B in th« oas« of an iRsiilatad imll. Fof ea»pl«, in 
the ©as® 0f th® aniagiaated brisk rnmrnr wall, 8-1, th« ©hemth-
lag had l&§eo«® vmTf W9t I fig. 29) aad ®v@s »old®d sl©ag its 
lower portion. Saaplas ©-mt fK». this mmm «h.ow«d a molstvtm 
0ojit«at of ©ir®r SO' ptr e«at. 
f!i« tmia«ulat«d oon0r«t® l>look wall ,L-1 had a l«y»r of 
io® o'f a'oottt l/4-l'a@fe tfel«slc on th# inaid# mrfmnm of tha oold 
wall, tha mlnsulatad domMa tlle"w«ll T-1 ahowad daapaaaa 
only ia plaoea. 
llall f-6 wall B-1 
Fig. 29. CoMition OB Inside of Cold Side of 
Uninsulated avails F-S and B-1, 
(Note Layer of loe on F-6 and Molded 
Condition of B-1.) 
It M SisSs m ssU 
'Sie' r#salti ••of tests on. .the wall #®otloii« 4e»on8tmt« the 
laportaat oriLsolpl®, that ml«»a th® wmm aida of th« w&ll Is 
liip#i?ffitiihl@ t© wat«r mpor, th® psMieahility of th® oold sld® 
of th® wall nmet h« raai^ tain## that of the wans eld« to prevent 
fflolstmr# fro® asommlating within the wall. WmUs F-io ant 
F-16 whloh had high ratios of pemeabllltles redaeed the rate 
of fflolgture aoo^Bialation oonslderahly , bat not ©oapletely. An 
Inoresa# In lie rati© in both wall® womld undombtedly have 
resulted in preventing assmnlation entirely ai may be noted 
froffl fig. 19 and table S, a disotttsion of whioh i« given 
below, ft# venting of the oold side of the wall F-IS to the 
sold air by raeani of sist one-half Inoh hole# wa® not effective, 
ilnse it gained ffioistwre nearly m rapidly a® wall f-1 with­
out iMslet. 
a® extent to whioh th# resiilt® agmie with the anaiyeis 
of aolitwi^ aecwwlatlon is shown in table 8. fh# obgerved 
and ©alemlatsd rates of moisture ^in, and the minlBi® oal-
oulated ratios of the per«8ablliti«s of the oold to feose 
of the warn sldei of the wmiis to prevent moisture aocirau-. 
latloa are given. 
The oaloulated value® for the rate of aoieture aoomula-
tion C%) Here deteiTOlned from the dlfferenee In the rates of 
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is ms follew#, 
^rtisF® Ig^ and Ig mm th« p«m«aMlitlei ©f th« w&m m& ®©ia 
sia«s of tli» wallig takes trm taM® 4, ana aad 
are the ©bitwed vapop pre««ap»i gl^ea in tables i and 6. fhe 
mt&tiQft is the fiaa# as ia the aaalyiig al>®Te, 
fh« @al<imlat«a aintoia mtio® %/E^a for the eoafiitioa ©f 
sei^ ii@ietmi*ft aeoittmlatisn wei*# detewilnea fi^ the tatioa ©f 
the observed preeemw differeaees aorote Ife® •mmrm aad ©old 
sides of the mile, wMeh aay be «3qp.r®s»ed ae foll©w«? 
• ir^  • 
hae beea aaswed t® equal f| t© satisfy tim eoadition ©f 
tero aoswimlati©®, a# poiated mt aboire is the aaalyeie. 
With the e3c«epti®B ©f walls ^-4, f-S aad F-t the aal-
clilAted ratee of aesuuBalatioa are la fair agi^eaeat with the 
©beewed results. Bse ©alaalated rates f©r the eatire gro% 
are l©w»r, as a wh©le, thaa the ©bserf^ed vaiaes, which aay be 
aeaatmted f©r ia part at least toy the ab8©x^tioa of ooistttre 
by the ©old sides ©f the walls trm ths e®ld air at a relative 
hisraidity ©f per ©eat. 
Ilig ©ai©alat»d ratios show also th$.t the ratios ©f the 
perffieabilities ©f walls r-4, F-IO aad F-l@ were aot hi^ 
eaott^ t© preveat aoeiaimlatioa. It should be foiated ©ut, 
however, that ia the saloialation of these ratios the differeaoe 
i« verf M&mm.f m emit mrr&r ta th® ©^servrntloa 
of w©ttlft-©iiiag® • th# rmtlm *p|i>F®©laWy. fk9 
hl^«r piPmMmmm for mll« f-Ii m<S. 11' m.m' Am to the hi|^«r 
t<i*p«'f«tai^ oR'th® 00ia «ii®. 
Alth#m^ tht ii@th®€s muftfi la aaStlag 0te«»ryftti©ii« oa %h« 
wall ®#etlQas mm m wh©l» w«r« tatlifitotory.,. th» fi®t«r»liiatioii8 
of the ml&ttvm mM rmp&r pmm&wmM frm th« solstiope 
eaatwat ®f th@ iii«ttl«ttoa w«t^ «i^«tl® la »©«» ®«8«.s. Wall f-lt 
(flf, to), '®ff»r«l » g©0t ©ppsrtiintty t« th© 4#gr«# to 
whldh th« ofeftrrtt pr®ir#w«» a.fr9«a with thtory, 8I110# the 
^fdr paP®8aiB^® throM^omt th« wall mhm%& all h« the time a@ 
that ©ft the (i#ia slfi#. ft® €#viatioa», wM©h ar# only a amll 
part of th® total rapor prtsaw# a.iff®r@ii©#, ar® probably €aa 




1. fmstor® nrfeloii iafltitnct® tl^ QonderaBatlom ©f ©slstup® 
ta walls &r»j 
s. ^mpeTSitur@- oad vapor pmseure AlftBrmms on both 
sites of thti wall 
to. Water vapor p«»®aMllty of the wmm mm& ooli sia#8 
of tli« wall 
e. ^erasl prspertlet of th» wull 
Z. ®i« aeoestfiry oontltlon for ooMensatloa of molstur® to 
take pl&m within a wall ambjeot©^ to a tamptrnfur# 
dlfferaraoe is ^«t tfe® t®»perat«r@ at so»« point in th« 
wall muet he bslcw th® a«w point of th® air on the warn 
aid# of th» wall. 
5. ?ha rat® of aoiat^r^ a©0»alatloa la a wall inereaaaa with 
th« water vapor paiwaatoility of th« warn sia® of th« wall 
• aad daaraasaa with tfc».t of the ©old alia of tht wall. 
4. for zaro aooOTimlatlon, the parmeabillty of th# oold eia® 
of th@ wall ffluat b© tiiaas that of tha wam slda. fhe 
ratio aeptads on th® teaperatmra andmpor praaiura aiffar-
enoea to whioh the wall is aubjaoted. 
6. A vapor barrlar usai to pravant aoomulation of aoiatura 
la a wall shomlt ba looateS on th© w&rm aid® of the 
looation of the tattperatttre la the wall whleh la at the 
ft®w of th® air ©n tfe# w«irai «i«# ©f tlm wall, far 
it slQutli M pl»#»a on the sttrffts® of 
the w&m fit» ®f tli@ will. 
@.. 'Hie th©»«l prep#rtl«,# #f th« wall «ff«@t th# r»t» of • 
aceiMttiatiea of iB©i#tttr« ia 10 far as th# teaptrfttmr# @11 
til® lasid® of th« ©mt «14« Qf tfe® wall is inflittm##. 
f, fli® wattr wip®r |>#»eatoility sf aat»rial« astt ia bmild-
: lag, e©«stm#ti®tt msit®s, witaiy. • .li©gia tliaatfein^ l>aper» 
aaA fil©i" iB«iilati<»ii Mara® wM#b teir# »0t b®®» *va|i®r 
pt^©f®a.* hav« very bi|^ p«»#al>iliti®«. Isa^ ai^halt 
s«ti*rat«i f«lt« aaA aspli8lt®a k-i^ft papars^ ttavs vary 
low permaaMlitiag, ilwlnya paiat wh»m applist in two 
ooats i# vary mffrnttrm in afiaiag to tlia irapor reaistaaoe 
of a raatar-ial. Kasoiiry aatariali, inol»iiag oojaorata, 
briok, tila'asA plaatar mm pamaafel® to water--fapor. 
S. Venting th# oolt aid# of wall to tJit ©oM air hf 
mmm of ««all liQlai' €oa« not appaar to to# effasti*® iM 
pra-rentiH® BoiatmBs aooiinixlatlOB. 
§. fha ooaftaasatiOB of aoistura aay taka plaoa ia oaiaattlatad 
walla a« wall aa ia inaalatat walla. Is th@ fowar tha 
woiatmwi Will ooMaaaa at tha lowar part of th® wall, 
wbioli auiy toa aiora liasartAoma tlm aoiatura aooiiBolalioa in 
an iaaiHatal wall utiara it ia fairly well aiatrifemtet. 
10. ®ja rate of aoistara aoottiiilation doaa not appaar to toa 
affaotaA fey tfea liygroaoopioity of tit® iaastlation. 
li. The laoistur® in hygposooplo fill insolation will toe 
distribtttst whmm plaoed is a wall aad to » 
ti(ap#r*tarfi Aiffei^a©®, mol«tfflP«^ ooatent is de» 
, ©P0«st€ !i«ar tfe® w&rm tit® mud iaoreased a#ar th© sold 
sld». fh« #xt«iit to whioli this takes plao® deptnd® 
priaarlli' oa tli® teoptimtttr® differeae® aad th® 
ffloisttii^ ooitt@iit of til® iasttlRtloii, whioli whmn too feigfe 
origioally, aay wsmlt in ooadtafsd aoistjar® nmt to th® 
oold w*ll. 
Ig. A wattp fftpor batrrlsr la th# fo» of two oomtt al*ln« 
palat on the lugld# s-wrfao# of thB wall, or M-phalt 
ftatumted ftlts siiid riiaforoed kraft papers of •relatiwly 
• low pemtatoility plao«d on the iuiid# of til® watrm sid#^ 
i^du®®# th» r»t» of »oi«tttr© aootffliilatio'ii la walls 
eonsldeimtoiy bmt aot ©ottpl#tely. 
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Ifet Inwstlpitloa w»« a©nflii#d t© a seasia^ratloa of 
tmQtQTB whlQh tiltep into tli® protelsa of »©ittar« aaewaalation 
la immlatsA anfi yalasmlatsd walls, with partieular refertao# 
to fill type iaettlatlon. Both analytioal anfi ea|>®pia©Qtal 
ffi#thoai w«re ©ffiployea. 
In til® analytioal study, th® relation wiii©h amit axi«t 
aaoag the priiroipal factor®, when m aolstttr© asoumulatioii 
tskeg plao®, wag eyalmtaA* fh« i^-salta of th« atudy show that 
th® wattr p©p«®ahllity ©f the ©old «l<i« of th® wall laiiat "b# 
ffiany ti»®8 that of th® wmrm fid® to avoid aoi«tur® aeowmlatioii, 
eT®a madar oMliiaf^ ooadltioiis. 
Wat«r vapor p«r«®afeillty d®t»mlnation® of a iit»to©r of 
mat ©rials m#«d in wall ooaatrtietlon w®-r@ «ad®. ©iff ©rant 
ffl®thod« of a®a«iir««®ist of p»ra«ability wer® ut«d to ehaole 
d®ter»liiatioii# and to mak® aeasnrensnts aifflttlating oonditions 
mid«r whleh biaildiiif mat«rlalf ar® lasad. Iteterials of hi^ 
p®m®abllity art rosin sheathing paper and fiber insulation 
boardf whioh are not vapor proofed. Iboi® of low psmeability 
are heavy asphalt fftturatsd felts and sisalkraft papers. 
klmmlmm paint, whan applied in two ooata, s®rv®s aa a good vapor 
g®al. Oth®r ballding matarialg, inolading plaster, wood, and 
oonorat®, are peroeable to watar vapor. 
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Thlrty-thjp®# test walls, iaelmaiag frme, hrlQls. v«n@®r, 
€oubi© til® and ooiiowt# l.-tolo^ walls, mm ©onstFaeted and 
©ubjectsd to ooBtrollea o©iitlti©tt« of ts®p@mtmi^ aat tiaildity, 
tlalnsulatei «g w®ll m Inialatti wall# W9m laelsifiM, A aiawbai* 
0f the wall# w»r9 e<ja«tpmot®i to glv« wlA# variation is th« 
water T«por ptweatoillty propeFti®s of both the warai aad ooia 
sia«8 of th® wall, for th« ottrpoes of observing the «ffeot of 
th®-»« propartlts on aolgture aoawimlattoa, 
A ooii«ta»t t@»p®ratttr»-h«biatty rooa wa« ooastruottt to 
ooRtrol the oonaitioii» oa th® w&m sit® of th« walla, and 
©aohaaieal rafrl^ration was mast to malatala low tmp&r&tmm$ 
on th# ©oM alia, fhe ooaAltion# malatalnad wera 750F and 
K) per oant relative h»iaity on the warta sifi®, aia€ a temper­
ature of 12 to 16®P ajid a relative hwltlty of ^ per oeat 
on the ©old aide, flie period of teat for dlffereiit walla 
varied fi^« SS to 72 dayi. At the end of the teat period, 
ffloiatmre saaplei of the iosulatioii were takea, and the inside 
of the ©old aide of the wall iaspeoted for free »oi«tiare. fhe 
fi»a«e walla were weired at Intervals thi^isighout the test to 
observe the' mte^ of aoiatmre aoomutatioii. 
In geneWtl, the results of the^ teat® oa the wall eeotiona 
show, also, that the periBoablllty of the ©old aide of the wall 
aast be maa^ time a that of the war» side, to prevent a®o*»a-. 
latioa. A water vapor barrier in the for® of two eoata of 
aliMintiMi paiat on the inside aurfaoe of the wall f^daoed the 
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®f nesfflgalfttien bat a#% A slailfti* result was 
©btalned with a wtilnfe feat a ©©lA wall of hl^ ptmemMllty, 
fBlnsulat»a walls a0ei»«a«t#t »ol«tiai?» as w#ll me iaial«t«a 
walls. «©cw«l«t«a wilitmr® wag always fonaA on the lusii# 
of th# eoli wall. 
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